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Abstract 


Cable television networks offer peak communication data rates that are orders of magnitude 
greater than the telephone local loop. Although one-way television signa! distribution 
continues to be the primary application of cable television systems, the cable television 
network can be used for two-way data communications. 

Pei? a Pera tah oft tattoeteie kd 3 
Data communication sinces= severe engineering deans on the performance of a cable 
television network. Therefore, to ensure that data communications capabilities are not 
precluded by poor engineering, local cable authorities and the cable industry must identify 
and overcome the technical barriers to the application of cable television networks to data 
communications. We identify the following as the primary technical requirements that remain 
to be addressed by the cable industry: 


- Methods for controlling the accumulation of insertion noise and ingress on 
upstream channels. 


- Reliability and security mechanisms to provide adequate levels of system 
availability, overall quality of service, and privacy of communications. 


other than on a point: ‘to- -point basis... fa 
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If the cable industry applies the resources tba 25 fons these requirements, cable 
television networks can gain a lucrative share of the growing residential and institutional, data 
communications and information services markets, in competition with telephone company 
and cellular microwave services. 


In order to make this important, encbuTne, sey diciped PASTY ely available to a diversity 
of users and service providers, local cablé authorities, in addition to the cable industry, should 
establish structural mechanisms to eliminate the cable operator's potential conflict of interest 
between its carriage and content functions, which might otherwise inhibit this diversity. The 
nature of appropriate regulatory mechanisms has been a source of conflict and confusion 
because of the unclear status of the cable operator as broadcaster or common carrier. 
Leased channet access ‘requirements, Which ehtorce tried Separations bn’ A channet by 
channel basis, can allow the operator to serve in both capacities, thereby both encouraging 
investment in. facilities aad Jimiting the oppertunities foraatiqompetitiva: practices: ‘The rate 
u x 3 adopted by the operator will determine the extent to which leased 
channel access successtutly achieves this ends | 0 OY Oe 
onitering ancl. specilying details 
to ensure that suitable facilities 
are constructed and that a diversity of service sources are granted access ta the medium. 
-Fhisthesis isintended as ‘4 résourte! for casle derthbridds, as Welt ns title :operatofs; as they’ 
establish the. role .of cable..television networks ip. the dala. eammunicmions -markel,da: 
particular, Chapter 6 serves as a guide for city and state cable authorities to incorporate the 
technical detail and regulatory structures Wétessary ter Ga¥a 'Comimuniedtbr services intd’ 
existing cable policy. 
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Chapter One 


Introduction 


Cable television networks’ were designed to distribute television signals from a central 
location to residential homes throughout a local region. These systems were used originally 
to provide entertainment television to regions where over-the-air. reception was not 
satisfactory. Increasingly, they are used to provide a greater diversity of programs than over- 
the-air spectrum limitations permit, ang as a means of delivering premium television services”. 


Although one-way television signal distribution continues to be the primary application of 
cable systems, the technology is ‘also appropriate for two- -way communications. This report 
focuses on developments in two- -way communications over r city cable > systems, in particular, 
two-way data communication services. __ : 


Data communication places intense technical demands on the performance of a cable 
television network. ‘Therefore, to ensure that data communications ‘capabilities. are not 
precluded by poor engineering, the city cable authority and the cable operator must identify 
and overcome the technical barriers to the application of cable television networks to data 
communications. More than in the past, the cable authority will find itself specifying details of 
the network infrastructures, both technical and operational, ‘to ensure that ‘suitable facilities 


are constructed and that a dit iversity of service sources are granted « access to the medium. 


‘also known as cable networks, or CATV (Community Antenna Television) systems. Throughout this report we will 
“use the term "cable networks” interchangeably with "cable television networks” and "cabie television systems”. 


2 also referred to es pay-television. 
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1.1 Motivations and applications. 


This section sets the stage for our.g discussion of PAY gommunications via cable television 
networks. It is not a rigorous survey of Abe in market research in this area, but provides a 
sampling of envisioned markets and applications. In so doing, we hope to communicate to the 
reader why data communications via cable television networks is of interest to cities, 


_residents, commercial and. government users, and aaa 


Soe fs fy Mio aden “bat 


Paks EP sesrgiryg$ 
1.1.1 The markets . DeLee aise Ope AGRE Qo 


There are two‘distinct markets for data communications? residential and Institutionat:’* There 
are also two categoriés of service: intormation arid Goitithunication. ihtormation'sérvicés refer 
_ to, those services whereby j a second party 5 provides ee eet which | js aC accessed, requested, 


_or responder to by the user. “Communication Bericer 2 provide, ‘only | the, transmission, and 


service wroided: users boing persis: peas computers, or r other “communicating 


devices. 


The intracity market for business data communications s already exists. Projections: for its 
growth are based on the increasing | use of computer equipment within th the office which wl In 
turn generate demand for increasing amounts, of Intracity communications. “Currently, 
intrachy, communication needs must be sated kde ‘the telpphone, company (see Section 4). 
‘4200 baud. Dedicated facilities are 2 also ‘available 1 at $ spepds ut to 56 Kops. Point. 4o-point 
communications facilities are aie. at higher per but switched seivicés are not. in the 
future, considerable. demand is projected for high speed switched networks which will 


accommodate intracity communications of both continuous and intermittent natures. An 


institutional market for information services exists and is growing. Services such as Lexus 
and Nexus® will be spurred by the growth of standardized videotex services for the business 
sector. These services will provide a common standard, or gateway, whereby users can 
access many information sources. 


, 
w 


3. egal and medical data base services. 
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Unlike the institutional market, the residential market for information services does not exist. 
Although videotex. is toute primarily, as a a home information s service, it will grow ‘as a mass 
media service after it is established i in the commercial sector {1 7]. Most existing residential 
data communications demand currently takes the form of professionals working at home 
using terminals and modems to talk to central computers and information services via phone 
lines. In addition, increasing numbers of personal computers, used for both personal and 
small business applications, are equipped with communications capabilities. 


An informal random polling of 200 residents in a suburb ‘of Boston which has a high 
concentration of professionals, resulted in approximatety 3% who reported having terminals 
or personal computers in their-homes*, another 18% :reperted having video games. in 
addition, the local cable operator estimates.that spproximately 25% of the homes passed will 
subscribe to pay-television. These numbers can be used as preliminary indicators.of the size 
of the residential market. The number of residents with terminals indicates, the minimum 
market size for data communications to the home. Simitarty, the number of residents with 
video games indicates the number of residents who fend to ifivest in “high technology" 
entertainment devices for the home. Finally, the number of.:pay-television subscribers 
probably indicates a short to medium-term upper bound on the existing residential market for 
data services. oe 


Projections for future applications of residential data communications range. from transaction 
and information services to electronic mail and multi-person games. Services such as Teletext 
and Videotex have received considerable press coverage, but the degree and form of their 
success is still uncertain. To a large extent it hinges on.the.development and- availability of 
information providers and inexpensive terminal equipment. 


In 1981 there were 4,400 operating cable systems in the U.S, and. an additional 2,000 that 
were approved but not yet built. These systems served approximately 10,400 communities 
and 17,200,000 subscribers, 22% of the T.V. households. The largest system had 188,880 


‘survey conducted at M.I.T. Laboratory for Computer Science, January through April, 1962. Supervised by Prof. 
J. Sattzer, and D. Estrin. 
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subscribers®. Although most systems have 12 channels, systems constructed during the past 
10 years have a minimum of 20 ‘channels, and newly designed systems may have 50 or more 
channels [46]. Although there are wide variations, it i is 5 typical’ that half of the ‘homes passed’ by 


the cable subscribe to it, and half of the subscribers purchase p premium services such as pay 


television®. 


1.1.2 Proposed services. 


in 1974 Baer et. al. [8] outlined a menu pow appeeations for! two: ‘way cable payee: 
see Table 1-1. 


Baran also studied the applications of broadband information networks and. suggested the 
following categories of applications, many of which-today.appear farther: off than: they did 
eight years ago. - ' 


1. Work at home 
- Person-to-person : electronic maa 
- Secretarial assistance. - 
- Access to company files. 
2. Transaction services 
- Banking services. 
: Shopping. | 
- Price lists and information. - 
- Consumer advisory éecvice: 
3. General information access 


- Newspaper. 


5cox Cable San Diego system. 


Scable t television statistics aré reported weekly in each issue of CabieVision, Titach Publishing, Inc., Denver, 
Colorado. 
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- Teteetete dacyae: velet i) 


_ Fatalog displays 


7 Baer, W. [8] 


Fares and ticket reservations. 


- Legal information. 


- Library access. 


4. Entertainment 


- Games. 


- Multiperson games. 


| Diteractive instisbtiotdl : progrens: | Computed date auuhélige 


Fire and burglar alarm monitoring Teleconferencing 


Utility meter readings 
€ ekibety sevwicwed 


Tire detection 
Centred Podilatien amt 
Opinion polling 


iB 


Traffic coatrol 


Market: ggepenth surveys... orpetnit .end:pheesraph. 
Interactive TV zee: identification 
a wena BARRON oop tee ® oe 
Area tr. eters /receivers for 


Pine interest group conversations b Bis 
Electronic mail delivery Class natruct toil te 
Electronic delivery of newspapers Education extension classes 

and periodicals Televising wenic sont eee 
2 eed cobpater 0559 9 oY 


DOSES 


Direct renee on local ddousa 
f aman) Te Peseta 
fe salar Eero 
Inquiriew Epon: achoee dOtnerertae, = ' 


Local auction sales and swap shops baperctagr= prothsenpa gens ure 
Electronic voting Business transactions 


time sharing 
—— tatheat’ bipcedannyde 


| Cee aree se | OLE ae Stee 
Interactive vocational ccunseling | Seapanss- ape phere stanestioatson 


Local ombudesan 
Eaployment, health care, pee Induatrial security 


2 Dini Asters ry cea wipe 


Library referents ene ube: i>. OgipRReOMIOD Giles 0! 


information retrieval services lediagaosis 
Dial-up video ECU libs oe . Medi record ae 
Videsiphews ‘- ae : 2 aod beni BOENVIVE NGM core 


Faee: t 


Taba 4: Some proposed interactive Services tor Cable tetevision 


(Cabié Television: Frendiising Conshierattone®y °- 
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Jones et. al. outlined urban public services which rely upon, telecemmunications.and would 
be weil suited to the use of broadband facilities. 


1. Delivery of government services. 
2. Citizen-government interaction. 
3. City administration. 


4. Status monitoring. 


1.1.3 Existing applications 


Since the time when these applications were proposed, seven.years. ago, few of the visions 
have been realized. Why .daes the application of. cable, networks: ta data communications 
seem any more viable today?: Fhe: primary. season is that today many ai the services already 
exist but use different, narrower bandwidth; ‘higher cost, media such 8 telephone lines: 
connection of automated: teter: machines to bank branch offices): connection of terminals in 
urban and suburbarrschoots to shared: computer facilities, connection of of ailtine reservation 
terminals to centralized poe ee facilities. 


In fact, cable television technology i is already: in use as.a data communications ‘medium. 


1, In the summer of.1981 New. York City’s Computer Service Center, switched’ from 
phone lines to Manhattan Cable Television (MCTV) facilities for communications 
with the Manhattan municigal. building, The Switch ‘reduced’ the City’s data 
transmission cost by-approximately one-third Arm $80,000 -40:$20,000" 


2. Financial institutions in Manhattan have been using MCTV facilities since: 1975 to 
connect Wall Street and Migt om 


vanes 


3. Brown University in Rhode Istand uses a broadband: cable tarsi network to 
interconnect terminals and computers-throughout thecampus® oe 
4. In addition, information services are being used, if primarily ae businesses: 


a. In the United: 4ingdom, there is: 9: two-way. inlormation service, .Prestel, 
which uses telephone:tinea.to send:infermation ta.and. &em: users. Contrary 


® annual municipal data transmission costs for the City of New York are estimated to be $10,000,000. 


2s ytek Inc., LocalNet 20 system, see Appendix A. 
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to initial expectations of the British Telecoin:which ‘developed and offered 
ihe Sonic, it is uses ipeimenty ve the business ORE 


rot Ae 


b. ne contrast to. she, videotex experienca,. the, gue: way, teletext system now 
offered in the U.K. appears quite successful among residents '° . This is 
“attributable to lower teletext access’ c6at er Weibel Ue: ev oe 


natyre.af the information providerserwicas, whieh therefore donot require ©. - 


the enhanced access features offered by videotex. 


I MISSAD higue deaeck 
__¢. Lexus and Nenusdogal and medical data ese aervices. 
" d. Dow Jones stock market Information services. 


tyke 


1.2.A possible scenario. 


in the short term cable operators will reall ize profits rom institutional communication services, 
in competition with the local telephone company. in ‘the longer tern, as information. services 
and inexpensive terminats: bécome available, the residential ‘ warkét ‘Will “also ‘become 
important revenue source. As.was the. cape with. the. telephone, .jesidential subgcriber 
services will be spurred by the desires of commercial users to reach consumers. Many of the 
first generation of information services thay’ only alfow Users: {5 éomimunicate with the 
headend and aay services that reside, there,.:To.further thei: growth, andincsease subscriber 
penetration, cable operators will find it worthwhile to provide for multiple servét networks (see 
Section 3.2.2). As a result of these developments, informatiog.serviges. and communication 
services would be effectively merged. The cable Operator would then offer communication 
service’ to both information and entertainments service providers and communication, users, 
and would itself act as one of the service providers on the network. 


10, a8 teletext system pages of information are "grabbed" from a constantly cycling data base of pages to simulate 
interactivity. 
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1.3 Overview. of this report 


If the cable television networks fulfill their potential as important, and unique, municipal 
resources, they should be made widely available to a diversity of users and service providers. 
Therefore, local cable authorities, i in. addition to the cable industry, should establish structural 
mechanisms to elirhinate-the cable operator's conftict ‘of interest between its carriage and 
content functions, which might otherwise inhibit this ‘diversity. in addition, data 
communication places intense technical demands.on the performance of a cable television 
network. Therefore, to ensure that data communications capabilities are not precluded by 
poor engineering, local cable authorities and the cable industry must identify and overcome 
the technical barriers to the application of cable television networks to data communications. 


The application of cable television facilities to data communications raises many questions 
regarding the Proper implementation and operation of the. facilities. In this report we address 
these questions, some of which. are listed below: 


- Can data transmission be accommodated on existing. cable networks? 
- What engineering provisions must be made to handle two-way data'transmission? 
- How much will it cost to implement such provisions? _ 


- What higher level communication protocols, such as igoaneasi should be 
implemented? oe 


- Who should offer services? 


-Who should decide what services are to be offered, and how should it be - 
~ decided? © 


- ls the cable operator acting as a broadcaster or a common carrier? 


- What regulatory or policy mechanisms are needed to achieve societal goals such 
as protection of first amendment right to hear and speak? 


- How will access to the cable network be charged for? 


- What role should the local cable authority play in specifying technical and 
operational details of the network? 


- What must the cable industry do to prepare itself for offering these new services? 
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The first half of this report concentegtegon tachniasy sestidés that are not yet widely understood 
or appreciated in the cable television community. In particular, the cable industry must 
develop the expertise necesseqy {gr dagign: att inygfemhen tion of network facilities and 
services; the city cable authorities must understand the technology weil enough to evaluate 
and monitor network planning and operatign; apg.the users and information providers, need 


to plan their applications according to the existing, as well as potential, data communications 
capabilities. of cable networks. sissy. 
fae c PRE GR E CTYRES 


Rog epee 


Se simenery’ ee 
In Chapter 2 we present a tutorial on data communications over cable television networks, 


and in Chapter 3 we analyze the associated costs, impediments, and service structure 
options. These chapters should help the cable  ominunity better understand the technical 


I 6 INGESIN oy 
issues ‘and trade- ofts encountered in ‘the ‘design ‘of data “communications | ‘facilities ‘and 
G9 BILD vB 


services. “We ‘find ‘that ‘the communications protocols, adopted largely asians. the 

capabilities and performance of the system. in Pe cee tee ability to ‘communicate ¥ with 

many ‘other points on ‘the network, ie, not only the headend, \ will be essential ‘oh future 

services. Performance is constrained by upstream noise and long reliability which may ‘result 

from poor ‘system engineering and the ‘Telative inexperience of th At e : cable in industry with data 
EYTTO? 


communications. ; in “Chapter 4 we Ydentify’ ‘the | unique croperies of cable. television 
technology (e.g., an economical, high-bandwidth medium that accommaduies ‘broadcast 


communications) by camparing jt with other regional. data eaten {QTS. ~ 
telephone). . : bes TOSBAp RS co & nba: Shactivlaib of teaccpecey iE 


The second halt of this report addresses ‘the. ‘Rational regulatory and local policy issues 
Ro ooverw afc 2: Aewatet Fans 

associated with the Operation’ of data Communications services via ‘cable tolevi ision networks, 
382 SIG a) 

Chapter 8 outlines ‘the p pohicy context and proposes ‘how the regulatory framework of cable 


TWisvist lo ewan Bee b 


television might be most suitably adapted to ‘data Commilnscntions applications. in ‘Chapter 6 


we integrate the technical and. regulatory details orasemted in, earlier chapters, This. chapter. 
serves ag a guide for city cable. authorities te incorporate the technical detail and requiatary. 
SHUPRUEES,RECERATY FOF, OER SOURCE ABKYGRF. JOM BL eNM  SNA, MF palicy. It 
emphasizes that not all. two-way, cable, ; communications: t glagies are equally adequate. 
for the full range of data communications applications and ieretore. in in sane to dictating 
operational policies, the cabte’ authority must sede. puna ay aan the! 
operator, tC inéute that sulitnble tacitities arein place: © 
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Chapter Two 
Cable Television 3 
as a 


Data Transmission Medium: Tutorial 


in this chapter we present a tutorial on the technical aspects of cable television networks as 
applied to two-way data communications. We review the hardware components of both 
traditional and enhanced cable networks and describe the communications protocols | that 
can be brought to bear when implementing two- “way data communication services. We 
conclude with a discussion of the primary technical limitations to implementation of two: “way 
data communications. It is found that the communications protocol largely determines the 
capability and performance of the two- "way system, given the limitations of upstream noise 
and low reliability. 


Cable Television systems, also referred to ‘as Cable (Community Antenna Television, CATV) 
systems, were designed to distribute television signals from a central location to residential 
homes throughout a local region. These systems, were used originally to provide 
entertainment television to regions where off the air reception was pot. satisfactory. 
Increasingly, they are used to provide a greater diversity ‘of programs: than spectrum 
limitations permit, and as a means of EMVERNG, pay- ‘television. 


Although one-way television signal distribution continues to be the primary application of 
cable systems, the technology is also appropriate for two-way communications. Two-way 
systems are those which carry ‘signals from subscribers back td the headend (upstream); ‘in 
addition to distributing signals from the headend to subscribers (downstream), = 
The two-way data: communication capabilities: of cable technolegy have been most 
extensively exploited in private Local Area Communication Networks (LACN's): . These 


networks transmit two-way video and data throughout targe buildings, industrial plants, and 
campuses. This report focuses-on developments i in two-way data conimunications ¢ over city- 
wide cable systems, 88.0pposed to campus-wide systems. 


Cable networks are of two types: 4esidential and institutional. Residential networks distribute 
video entertainment programming to, residential subscribers in ‘rural, ‘suburban, and urban 
areas. In contrast, inetitutional networks are locatad in city veniers and, serve business needs 
of commercial and governmental subscribers." Residential networks carry most: of their 
traffic downstream tri support ¢ of their_primary service, video- entertainment. However, newer 
services, such as home ‘security, interactive videotex, ‘anditranwaction gervices; require an 
upstream capability. Institutional networks, given their business clientele, will typically 

experience a more even distribution of communications to: and from subscribers. Proposed 
institutional services inchide:high speed two-way data Communidatiqne, in addition to closed- 
circuit television, for educatien and teleconferencing. 24 


2.1 Cable system components” * 


This section describes the elements which comprise a cable system. The first part describes 
those hardware components common to all cable systems. We, then, describe. the additional 
nerwere nee sal the provision of Lon pway data Communications. 
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2. 1 a Basic ‘cable aystens, f MES, HRS CASS ee PAd 


All cable systems:ane composed of a headend; a dretlibution' prant; aid IntéHace equlpinertt: 
In a traditional video distribution cable'network: thé headend receives over the-ait broaticasts 


and translates them to frequency bands that at Riatlrsihians for transmission onto the cable 

plaht. ‘Programming material that is ‘ prepared e: especially to for ‘cable is generated : at ‘he loadend: 

ati Wd ai86 trahginitted dato the cable Shane eee aie distribution ‘plant is a tree-like. 

configuration’ of ‘broadband ¢ Coaxial cable, “amplifiers bridges, and : i and feeder cabies. ‘The signals 
i 3 ) Qifved yOWOG ORD BSS 


travel, ‘via ‘the di tribution ‘BYant, to ‘the ‘suibsciiber’ home home home, where the interface equipment | 


5 sop sae rs} peipenaqgrog Gad 
transiatés thé signiils into a form receivable by the Aol 2 television (Figure 2-1). 
Monty a few institutional networks are currently operational. a asdUF) Bonds GE Sa 
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Figure 2-1: Cable Network Componaats | (Scientific Atlanta Cable 
Communications Products 1981 7 ) 


2.1.1.1 Headend equipment 

Cable systems were first built in the 1950's to provide improved reception of television signals 

to geographically obstructed or isolated areas. In this capacity, the system headend referred 

to the location of the large receiving antenna from which the sigtiats’ Were tharismiitted onto 

the cable. Today, in addition to. traditional. over-the-air broadcast. i aa an. increasing. 
amount of programming material is reegived from sateHites: . 


Over-the- -air signals are often translated from their original frequency toe a Part of the spectrum 
compatible with ‘the rest a the cable system Programming. and the transmission 
characteristics of the cable. in addition to translation and retransmission, | the. headend 
equalizes the power levels of the incoming signals to minimize interference among the signals 
on the cable, and compensates for fluctuations i in 1 brpadcast signals to insyre that a noise- - 


"Scientific Atlanta Cable Communicatoins Products 1881; Scientific Alanta, Atlanta, Georgia 
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free, steady signal is transmitted onto the network. Some headends also phase lock the 


frequency offsets of i incoming signals to reduce visual interference among them. 


2.1.1.2 Cable distribution plant -- cable, amplifiers, bridging amplifiers... . 
The cable plant is comprised: of broadband comdal cable; gigrial::amplifiers, sand bridging 
amplifiers. All transmission over cablé networksis Frequency Division Multiplexed tf DM), i.e.,: 
the total frequency spectrun:of the cable ts subdivided -into! channels; «Each channel 
allocation is typically equatite-a standard television. channel; @Mhz.: The bandwidth that-can 
bé transmitted over coaxial cable is largely determined by the ampifiers used. Thé:cable iteolt 
has a bandwidth in the giga:Hz range bet.the: active: compondnts, ‘namely. amplifiers, are 
limited in the bandwidth that they: can transmit without it causing excessive cross- sigs 


The amplifiers used:on older cable systenis transmitciess than!'300: Mhz which {imits their: 
carrying ‘capacity to between: 12 and 20 channets; these systems makeup modre'than:50%. of 
the cable systéms in. use today'*. With: appropriate “engineering, “newer systems, whose 
components transmit 300 Mhz, will carry up to 30, 6 Mhz (TV) channels; systems whose 
components transmit 400 Mhz will Carry up ‘to 52 WV ‘chalinels: One prépiei expétioficed with 
400 Mhz, and higher, amplifiers, is that due to the ex extra 4 Chanel loading ‘there i is a degradation 
in the composite triplé ‘Beat rating of the amplifiers f34}, BL thé ‘triple b bet phenomenon is 
caused by difterent ‘frequencies interfering with | one’ “another and gerierating” noise; in 
particular, the sum and différence frequencies ‘ prodiced ‘am “the: ‘produc ct of three 
frequencies'®, Three different types of coaxial cable aré Used in friost systénis -: trunkifig 
cable; narrower and more flexible distrigution . cable for, Petwork branches: 2 and feeder cable 
which carries the signal to each individual household ftom, the distribution « cable. The, Jatter, 
two cable types have greater attenuation than that of trunking cable byt are less, expensive. 
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Optimal network design attempts to minimize their use within cost Constraints. 


3 cross-talk refers to. the undesired transfer of energy from one change! to anather. 
SThe triple beat- phenomenon, also. known as thitd order. intermodulation; is tes beating: bf one signel rarries with 


the second harmonic of another signal carrier (2,4 fo) or the beating of three signal carriers together with or without 
modulation Ke, -f + + fg} = =f, +6 Mhz). 


Amplifiers are placed throughout the cable plant to compensate for attenuation which occurs 
when a signal i is transmitted over long distances. The number of amplifiers needed per mile of 
distribution plant ‘depends on the attenuation characteristics ‘of the ‘cable. An amplifier 
cascade refers to the number of amplifiers which a signal passes through between its source 
and destinatiofi point: Becttise alt amplifiers Génttinuté soltié distértion to the signal, there is 
a. strict upper limit to: the ‘length: of a cascade which can be:tolerated ‘before the signal 
becomes distoried beyond: acceptabie .tevels.- in-additian,:the ‘wider: the: bandwidth: of an 
amplifier, the more difficult itis to centro} signal diatortion.: Therefare, the maximum tolerable 
cascade for 400: Mhz systems is:sratter than that for. 960 Mhz:systems.{59]. .All-branching is 
achieved-with the use of bridging amplifiers. which tead amplified signals fram. the trunk-cable 
onto a distributioneable while keeping the trunk cable electrically isolated: : 


ae eet! 


The sabsiaphival coverage ake a cable network i is limited by. the Sianet loss over the cable, and 
by the:distortion characterietica of the amplifiers.:;he aystema deacsibed: in this report operate 
over areas 0f:7, to SO. miles in diameter:-For the: case of 400: Mhz:components, the: maximum 
allowabie amplitier cascade timits the diameter ofisingle-hub eee about:1) miles. .. 


The cable distribution plant is typically arranged in one ot three, japclogies, referred to as 
loop,. tree, and hub, A Joap design resembles. a snake and requires th the fewest of amplifiers, 
but entails. the longest amplifier cascades, The cascade | of, a, {gon design network is 
proportional to the. total distance which fhe cable. t traverses. For, this reason, the toop 
topology is only appropriate, tor systems with limited geographical. coverage and the low 
distortion characteristics ordinarily associated with small channel capacity. 


A tree system is bs Compaised of a sidieahche contra an and branching distribution cables that 


hits. 


component or interface unit malfunction, i.e., individual network branches, without halting 
total system operation. 


The inferior characteristics of 400 Mhz amplifiers restrict the topology of 400 MHz systems to 
a hub design whose branches are shorter than those of tred’ Structures (Figute 2-3). This 
contiguration.resembies astar with-the headend at its ‘center, andenultiple radially distributed 


a gate 
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Figure 2:2: Tree Topology (Data Communications™*) 


trunks. The maximum distance between the farthest subscriber and the headend is thereby 
minimized. This reduces the fength of the amplifier cascades necessary to cover a given 
geographical area. Systems can be configurad with Ayaiple. integcannected: hubs to-cover 
larger geographical regions. Enhanced transmission methods that are more resisitant to 
noise and inter-modulation are used to connect the hubs (e.g., digital transmission, frequency 
modulation, wider guard bands). Wideband, low-attenuation media, such as microwave or 
fiber’ optics; aré typically Used for the‘inter-hub ‘iriks: THESe methods did iiedia are ® Cutreritly 
socioically penne tir cb thor segienits chinese | 
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2.1. 1 3 Interface equipment 


ot 


The. feades: cable: taps. off of the Slee ion cebleieed iene awe sa adiecriae 
The -intertace.wnit, which 6 aleo referred, ta:.as. the: customer preaiges equipment-{CPE), 
connects the.feeder cable to the customer's, TV.set. (The jaterfage unit, transiates the signals 
taken off of the cable to a frequency band that can be received by.a. standard television. This 
converter is the simplest form of cable interface unit. In addition, subscribers to pay- 
television programs, which are sometimes scrambled before transmission, have converters 
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18 ineson, M., Picazzo, J. [22] 
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Figure 2-3: Hub Topology (Data Communications"”) 
equipped with descramblers"®, 
2.1.2: Two-way cable system components 


2.1.2.1 Headend 


Two-way communications on a cable system. requires. that the headend receive. upstream 
signals from the cable distribution plant.in adgitign to transmitting signals dgwnstream. Some 
of the control structures for data communications require only that the headend translate 
specified upstream signals onto select downstream channels. Others depend upon the 
headend for additional addressing and switching capabilities. Some of the ‘upstream ‘signals 
may be forwarded by the headénd to other péints on or off of the cable network; while others 
may be destined forthe headend itself. Exactly what-equipment -needdéd depends dn the 
application. To ensure compatibility with video ip rerereetens Some ‘Héeadends alsd frame the 
a ae ia } aes 


17Dineson, M., Picazzo, J. [22] 


18 shernatively, the pay-television signals are trapped out at the trunk connection to éach subscriber's feéder 
cable who does not pay for the premium service. : 


Most large systems today, both one-way and two-way, employ a miritcomputer at the headend 
for system control, maintenance, and billing. Once the headend is so equipped, numerous 
network management functions can be implemented at the headend. — 


-2.1.2.2 Gabte distribution plant 

‘Two-way capability Itiplies that the cable distribution plant transmits signals in bdth 
directions. ‘The coaxial’ Cable itself has’ this capability but; the standard one-way cabte 
‘amplifiers ‘must-be modified to’ accommodate: two-way ‘transmidsion."*’ Two-way amplifiers 
afplity a’portioh “of the cable's frequency ‘spectrum’ In the upstream: direction, and’ the 
balance in the downstream diréction. The upstream and downstream portions need not be of 
equal bahdwidth, and ih idst ‘cases are ‘Hot. THé frequendybandwidthis ‘allocated for 
upstream and downstream transthission sre‘completély detériiiied by the ampiifiers used. 
Any one-way system‘ can, in principle, be converted into a sory ea if the ainpiifiers are 
replaced with two-way amplifiers": ” Fret 


“Two-way cable systems vary: in the number of channets ‘allocated’ to upstream 
communications.’ Residential systems typically allocate ‘ifidet “of ‘their ‘cable channels’ to 
downstream transmission -- 54°Mhz to 300 Miiz for townstreart; ‘and 5:75 Mhz tb'29.75' Mie 
for upstream, transinissions on’300- Mhz systwifié. These are reférred'to as subspiit systems. 
Most institutional cable system#\as Wélt’a' private LACN’s: ‘are im/dsplif systeths.”Whese 
allocate the same number of channels to both upstream and downstream transmission; for 
example, 5.75 Mhz to 108 Mhz for upstream (reverse), and 162;.Mhz.,to: 390: Mhz. for 
downstream, transmission on 300 ne systems. These frequency assignments are somewhat 
arbitrary, using over- -the- -air T. V. transmission frequency assignments sc so as to take advantage 
of widely available (and therefore inexpensive) amplifiers a and rejated equipment, Some cable 
systems, referred to as dual cable, use two cables. The cables gan be operated as two 
subsplit or midsplit ‘systems, or one of each. A fourth, option uges an entire cable for 


12 The amplifiers ‘on two-way ready ¢ystems have sidts réiidy TUF irisertion’ of upiiriam amplitier boards. This 
technique was prescribed by the FCC in the mid-seventies for all large cable systems. It was an attempt to miniqnize 
‘the cost of future retrofitting, withe recoghizing that w two Way ihiirket GE HEE yet tie Cr Section 2122 

2 sc¢ Section 2.3 foe other practical paces be wey. transmission. 


Zl onishriete TY Tig since cable nomenclature 


27 


downstream, and operates the second cable as either midsplit, or subsplit, or entirely 
upstream”, 

The data transmission rate achieved on each channel is determined by the number of bits per 
hertz (bits/hz)”3 transmitted. This in turn is affected by the noise limitations (see Section 2.3), 
and the sophistication (and cost) of the modem. The data rate experiericed by each usér is 
also determined by the access scheme used (see Section 2.2),.a8, well as.the geographical 
coverage. Existing cable based data communication. networks.achieve aggregate data rates 
-up to S Mbps over each 6 Mhz channel (0.833 bits/hz), depending. .upon the. access scheme 
and geographical coverage™*. Aggregate data rates achievable over the full spectrum of a 
midsplit cable system range upwards of 300 (300 Mbps is an arbitrary example of the data rate 
achieved assuming 0.5 Mbps..per 6 Mhz channel). ln. comparisan,:- Multipoint Distribution 
Systems (MDS), which use microwave transmission facilities, offer. at mogt one or two 6. Mhz 
channels due to limited over-the-air spectrum . availability; and ..unmodified, telephone 
company, local loop facilities (twisted wire pairs) offer up 10'4,8 Kops. 


Two-way bridge amplifiers are used to amplify signals. onto, and off of, segments of the cable 
plant which branch off of the central trunk. In.some two-way.systems the bridge amplifiers are 
equipped with added electronics which allow them tp be addressed. and, switched.on.and off 
via signals from the headend. In more sophisticated ;twe-way systems, bridges might be 
equipped to perform diagnostic checks on the netwark. aswel}, 


2.1.2.3 Interface units 


‘The interface unit for a two-way system must convert signals from the terminal into a form that 
can be transmitted over the designated cable channel, and received by the headend. The 
function and complexity of the interface unit ‘depends upon 1 the type ‘of terminal and access 
scheme used. ‘The interface unit con of t two parts, one is the Li modem, and the other is 


FOr oe 


the control logic (both digital hardware and software) 


22 Wang uses a dual cable for its Wangnet and. aan aia Tien il at 20% additional cost. 


oe per hertz is the inverse of the efficiency rating. or he/bit, Bita/ha Jn foltt0.be.a more useful massyre in this 
instance and will be used throughout the report. 


24Cox Cable's Indax system runs at 28 Kbps over 125 Khz subchannels (.223 bits/hz). Wang's broadband system 


runs over shorter distances at speeds up to 12 Mbps over an. 18; Mbz.chagnel (0.667. bite/hz). Uegermann;Baes runs 
at 5 Mbps per 6 Mhz channel (0.833 bits/hz), over distances up to 10 miles. 


Radio ‘frequency modulator-demodulators (rf-modems) convert digital’ signals from digital 
‘devices into analog signals which can be carried by the cable ‘ietwork much ‘like ‘video 
signals. Ai-modem technology has proven very popular for industriat use, and more recentty 
for communications in pusne environments; however, it remains a relatively costly 
technology for residential use. “RE modem costs range ‘upwards of ‘$400. This | high cost is 
partially due to the limited ‘quantities currently ‘manufactured. ‘in addition, the analog 
complexity of radio frequency components makes Large | Scale Integration (Ls!) difficult; 


therefore, the costs are not expected to decrease a as s rapidly as many digital components. 


In’ a telephone'system every customer has its i bss aa ak on a cabie ‘television 
network nodes share a common trunk which passes marty hexseliols. An access schertie or 
protocol controls how the cable capacity is shared. Each rahi must also be given an unique 
digital address to identify it for reception of downstream signals. Thus, in addition to the rf- 
‘modem a two- -way interface unit contains control logic which implements the communication 
protocol. The interface unit design and cost is largely i iatorened Gy & the access scheme used 
on the network. Finally, the interface may implement additional c capabilities such as anti- 
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jamming techniques, ‘ericryption, or other enhanced features. ane 


2i2 Access.schemes.and saci amedutaicai aeuuiaearl for ‘me 
way datacommunications.. 


A number of alternative protocols for data communications over broadband cable have. been 
implemented. Each of the protocols has a system structure and user environment for which it 
is most appropriate. Residential and institutional networks may require different schemes, 
based on the differences in ‘their ‘applications. Eventually, agreed- -upon “standards will be 
needed to 9 support interconnection of networks with dissimilar higher k level Protocols 


2.2.1 Description of access schemes 


2.2.1.1 Polling 


The most common access scheme currently | used for two- way communications on cable 
systems is polling. The headend continually cycles through the system, addressing a 


message to each interface unit to see if it has data to send. It can take as long as 6. seconds 
to poll every user in a large system, on the order of 100,000 subscribers™ .., Unique digital 
addresses are hard-wired or programmed into each of the subscriber interface units. 


The performance of a polling scheme is characterized by the response time realized by the 
subscriber and the amount of data sent per response. Some polling schemes allow the polled 
device to reply to the headend only with one ofa set of predefined responses; others allow 
more flexibility i in the allowed length of the response. Polling is most often used for pay- ‘per- 
view billing, as well as for security and energy monitoring applications. Polling methods are 
appropriate for transaction services and other data. communications services only when 
traffic is very light, and when response time is not critical. 


A modified version of polling uses intelligent bridger-switches. The headend polls one branch 
of the network at a time by addressing the appropriate intelligent bridge amplifier and allowing 
all nodes on that branch to simultaneously transmit (using separate, preassigned frequencies) 
their upstream signals onto the entire upstream portion of the trunk cable. Since only one 
branch is allowed to transmit at a time, the entire upstream channel ‘spectrum can be used by 
the nodes on a single branch. This method achieves higher data rates than most simple 


polling schemes but may still suffer from long response times due to the polling cycle. 


Binary polling is used to decrease the delay which results from: tong polling ‘cycles. The 
headend sends out polling messages to all points.on the network: i{ the:headend receives a 
response it locates the responding device (or one of them) using a binary search technique. 
The headend turns off half of the network branches and polls the other half. If there is no 
response, the originally responding device is known to be on the other halt of the tree. The 
network is configured as a long branching tree and this divide-in- half process continues until 
the headend has isolated one responding node on the network. The customer is serviced and 
the process begins again. This method is only effective in reducing delay if there are few 
simultaneous users with messages to send, e.g., security monitoring. 


the Minneapolis cable system being built by Rogers ae Engineering of Canada, specifies a6 second 


polling cycle. 


2.2.1.2 FDM 


Frequency Division Multiplexing (FDM) can be used to divide each oF tha'§ Mhz channels into 
smaller subchannels for dedicated tse by Subscribers™. ‘Thé PUM TitéHace unit ts a standard” 
rt- modem turied to Sedicated: frequencies, one for trarismitting’ id‘ one for: receiving. The: 
receiving frequency | Serves as the Uhit’s digital addréés. The ata vate is a function’ of the 
channel bandwidth and the number of bits pr here warsiiited . 


Switched FOM schemes resembie the current architecture of the:telephone system. Each: 
user is assigned a dedicated subchannel: This. frequency assignment serves as: the user's 
address. The headend: reads addressing: information: on;upetieam communications: and: 
routes the ifformation to-the proper dowsstream-éubchannel,:perforoying: the. appropriate. 
frequency transtatisn. This:access method:is appropriate for. systems: with-2 timitedinumber of: 
users whose communications are relatively. uniform -over:time:.: Fhe numberof users who:can 
be served by such a scheme is limited to the number of available subchannels, which-in tum is 
limited by the minimum acceptable bandwidth of a subchannel. This is far fewer than the 
number of residential subscribers on even a small two-way system (3,500 or more), but is 
possibly adequate for an institutional system. = 
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Dynamic assignment FDM makes use of frequency’ agile modems which allowsusers -t0 
transmit’ via one of a set ‘of frequency. subcivanrniss; the: particular frequency: used is: 
detetthived by the user or by a central ‘controliér;'Le.; the headend: The central controtier: 
dynamicatly dssigne the calling and ‘called nodes @ free edbehemet 4dr:the duration. of thelr 
communications; polling can ‘be used to identify the neve thatiwishes:to set im a connection. 
While altowing service to’ many more: users; this Method is: etl! 4e08 suited 1b ‘bursty: traffic 
types such as computer cofimulitations.which“is Gharacterized by short, high interisity, 
intermitterit communications. Using FDM ‘atone al the:uccess'noheme””;;when achannel.ts. 
assigned to device, even Soin ey ree ee 
device hiia'i1d ciate fo traneriit.” i Wen es gh or: 


8manhattan Cable Television (MCTV) in New York city uses this approach. MCTV has operated a data 
transmission service between uptown and downtown Manhattan since 1975. The service is primarily used by 
banking and other financial institutions with branches in both locations. 


27 Note that all cable television uses FDM to divide the 300 or 400 Mhz of bandwidth on the cable. 
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2.2.1.3 TDM 


Time division multiplexing (TDM) allows multiple devices to share a single FDM channel or 
subchannel by assigning each-user a fixed time slot during | which it Sends, its data. A user's 
address is his time slot,A form of TDM called Time Division Muttiple Access (TDMA) allows 
many devices along a.cable to share a TDM channel, devices insert, data into their slot at 
multiple points along the cable,. There are a number of methods for controlling allocation of 
the time slots using a TDMA scheme. Demand Assigned-Time Division Multiple Access (DA- 
TDMA) is a more sophisticated TDMA scheme which allows.dynamic allocation of time siots 
on a-transmission channel. This technique was’ developed for satellite: communications, and 
is generally applicable to: high bandwidth awitipoint cemmunications networks. DA-TOMA 
uses inteHigent. microprocessor controlled: interface. units, ag well as .a- fairly powerful 
minicomputer at the headend, to allocate: time. siote.on an as-needed basis. DA-TDMA is 
appropriate for both high and: tow speed users, particularly:.ueers: with high volume 
requirements: 


2.2.1.4 Contention schemes 
Contention Schemes are another form of TDMA. ‘Aloha [1], Carrier Sense Multiple Access 
eure and CSMA. with- oe Detect. (CGMA:-CD)- [41]. are, all. COR AIE use .on 


multiple subchannels can-be pusesntestos taba ibidging dela: SS eek: es 
CSMA,. when a device has date toisend, the interface. unit broadcasts packets of information 
onto the channel. if the unit does not receive an: acknowledgment.that. the, packets. were 
received intact di.¢, a collision accurred when two,or, moraunits aitempted to use. the channel. 
Simultaneously, resulting in destroyed packets), .it cetranemits. the packets. The more. 
sophisticated schemes allow. the. devices to detest other tratfic.on. the channel before or 
during broadcasting, thereby reducing the: probability of:callision, Forexample, using CSMA- 
CD, if more than one device broadcasts at any one point in time,:there. is @ cellision.and. both 
devices backoff and try again after some short but random period of time. Every device scans 
the address destination attached to each packet on the channel but reads only the contents 
of those packets that are addressed to it. Contention systems present a tradeoff among data 
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rate, geographical coverage, and minimum packet: size. Although ean contention 
systems operate at speeds as high as 5 Mbps per 6 Mhz channel, peak. data, rates fora 
regidential cable are probably limited to 1 or 2 Mbps ner 6. Mhz channel (0.166 to 0.332 
bits/hz), due to wider geographical coverage and lower, guaranteed signal.to noise ratios™ 


Contention schemes achieve complete connectivity through distributed control. In contrast 
to DA. TDMA, contention systems require no added complexity at the headend beyond signal 
conditioning; the switching function is inherent to the way in which the channel is shared. 
This reduced complexity and distributed control is very attractive for the diverse community of 
users that i is to be served in ‘the residential and small business market. Contention systems 
are appropriate for multipoint communications between buirsty users at medium and high 
speeds, ane short to moderate length messages. 


Token passing is a distributed polling method. The IEEE LACN standards committee*! 
describes the token access method as follows [32]: 


A token controls the right of access to the physical medium; the | 
node which holds asia the token has eset Contos over the 
medium. fe ati ek : 


The token is passed by nodes residing on the medium, it is passed from 
node to node in a logical ring fashion. 


Steady state operation consists of a data transfer phase and a tokert'” 
transfer phase. The two phases may be combined, in which case the 
token is transferred in neonate with a data trait time aha 
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Bestrin, D., Some Technical Considerations in ‘iéia a 400-MHz ‘CATV mcieet for Data, Worring oe 
Laboratory for Computer Science, M.I.T., May 1961. 


22 Ungermann-Bass Inc. [63], Net/One See Wengnet ehieves 12 Mbps ied 18 Mhz, or 4 Mere per 6 Mhz. 


Dickenson [21] suggests that well-mainta systema, should experience signal. to noise ratios of 40 dB or 
greater, which is more tan adequate for high pérformance. ‘Bul, there are no stics currently available as to the 
number, or percentage, of residential cable system thet fit. thie desnrigtion.in addition, the residential cable sytem 
is exposed to a harsher, and leas ‘controllable, ewtronvens, Wat a aouing wie: epee ~ — co 


STinstitute of Electrical and Electronics Engineers, Project 802, is attempting to set standards for focal area 
network communication protocols. Standards have been established for both contention and token access 
methods [32]. 


ting. The monitoring functions may be replicated among nodes of the 
network, but Only a few nodes at a ame carry the primary recovery 
responsibility. 


As on the contention channel, packet headers are scanned by ‘all interface units on the 
channel but are selected by only that uflt to which thay are addressed. In contrast to the 
contention method described above, this method does not present. the speed, distance, 
packet length trade- off. it therefore can be used to achieve higher speeds over longer 
distances. In addition, the performance of a token passing channel does not degrade under 
heavy loading as severely as does a contention channel. On the other hand, if the channel i is 
lightly loaded, longer delays will be incurred with higher probability; this could be aggravated 
by extended geographical length ‘of the channel and poses an upper bound to the 
geographical coverage [54]. A central monitor station. is ordinarily used to ensure the 
integrity of the token, i.e., that it does not get lost or “duplicated. This monitor ‘could be located 
at the headend”. 


2.2.2 Performance characteristics of access schemes 


The choice of access scheme presents a tradeoff among throughput, connectivity, 
availability, and cost. . 


2.2.2.1 Throughput 


The throughput is the data rate experienced by an individual user,.Itis only a portion of the 
aggregate data rate offered on the channel. Polling typically offers the lowest throughput to 
the user. Some implementations of bridger- -switch polling allow # a ‘single ‘brarich to make use 
of the entire upstream channel capacity at a time. Although this increases the peak data rate 
accommodated, me polling- cycle delays effectively reduce the throughput experienced by the 
subscriber. 


The throughput experienced on a dedicated FDM channel is equal to the data rate of the 
modem used. Higher data rates require more dedicated bandwidth, limiting the number of 
users who can be served in a: ‘given frequency allocation. ‘Sending ‘fewer bits per hertz results 
in cheaper modems but the inefficient use of bandwidth limits the amount of traffic that-can be 
accommodated. 
32 phase-locked regenerators would be used along the channel! to ensure proper transmission of the token. 
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The throughput experienced by a single device on all varieties of TDMA ‘charinels Is 
determined:ny the number of devices served onthe channel, ie., the joad factor, since the 
channel rate is usually-equally divided among all nades; Thethroughputis also determined 
by. the channel bandwidth-allocation, and the specifications.of the interlace hardware:: : 


2.2.2, 2 Connectivity 


Connectivity is the ability to communicate with. every. other. paint an. the video This. 
requires. that each point have. a.digital_address and that.campwnications can be. transparted. 
from each.point to every other point on the network, i.e,unique addressing and switched 
services. : Lk ay sk 


collecting and forwarding messages, is ‘cumbersome, “Poling | is 5 best applied i in 1 systems 
where multiple distributed devices need to communicate with, a single central device which 


executes the polling and processes the messages (See Section 3. 2. 2. 2). 


FDM channét services can resemble point to pdint déditated ‘teteptiorie fines which’ only 
achieve connectivity between a pair of points, or multidrop lines whieh allow a transmitting 
device to communicate with multiple listening devices. Switching can be implemented at the 
headend in much the same way as the telephone eampany se achieve complete connectivity. 


The facilities at ‘the headend of the DA-TDMA system, i.e., a Computer and the appropriate 
softw vare, typically implemen t switching as well as allocation of time te ald. Although switching 
is not inérent to DA. TDMA, it ‘can be assumed that ‘uch’s ystems can ‘achieve complete 
connectivity. OSS ae 


Contention access scheme ‘protocols achieve. complete connectivity ‘among all nodes on @ 
channel... Multipte contention: channels. using different trequeticy bands: require- additional: 
facilities for-complete conrectivity:across: the system. “A‘yridgels a device used: te connect: 
otherwise independent channeis-on a ee ee addressed . mem 
from the one channel to the other®. ac pbtts OE 2 Hs: He 


ae: 


33 This type of bridge is distinct from the bridging eller described eater wi which translates electrical signale 
from the cabiatrunk ono a.braach of the cable system... . ae BiG eee! 7 


2.2.2.3 System availability . 


The availability of a system is:largely dependent on the:complexity: of the control. anc:interface 
equipment. The more: complex the equipment; the more linitad-axe:replacement. parts, the 
more difficult are organizational and technical procedures for operation and maintenarice, 


and the more frequent and lengthy is the average downtime. 


Protective measures from both intentional and unintentional interruption of the 
communication channel are required to assure system ‘dvaitability. ‘The susceptibility of the 
network to jamming is partially a function of the access protocol used.’ Point-to-point, 
dedicated FDM tines are tess susceptible to accidental disruption by users: because there is 
only one designated user per channel; the user’s equipment, even if it jams, is likely to disrupt 
no more than the single channel to which it is assigned. DA- TDMA, and contention ee 
allow multiple users access ‘to a ‘common. channel, thereby increasing the likelihood with 
which a malfunctioning interface unit can ‘disrupt service to others. In both cases, where 
system availability is valued, monitoring and detection schemes should b be implemented at the 
headend, in the interface units, or at designated points in the cable network, to assure that 
jamming devices can be isolated from the network either by turning them off or by turning off 
that branch of the network. | 


2.2.2.4 Relative costs of access schemes 


The communications costs associated with each of these access schemes is divided between 
the central! control equipment at the headend and the interface units™ . The choice between 
centrally controlled or distributed, communication schemes. presen us. a variety. of trade-offs. 
The majority of the centrally controlled communications cost is in the headend equipment. In 
a distributed system, the interface units are more complex (and therefore more expensive), 
while the cost of central control equipment is lower, The choice largely rests on the number 
of devices using the system. When the number of devices served becomes iarge, it generally 
becomes less expensive to use-a system whose ineremental, distributed; costs are low... A 
second fundamental tradeoff is that of cost.and function. ‘Not only does the:equipment cost 
rise with added complexity, but the maintenance costs rise as well. 


¥ actual equipment cost figures are discussed i in n Section 3. 3 


Sthis is not true if the cost of the central control equipment’ itreases sigtiticattly with the number oF devices 
served. 
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The interface unit is comprised of an rf-modem and digital logic which implements the 
communication protocols. The cost of the rf-modem is.a function of the frequency bandwidth 
over which it transmits and the number of bits per hertz transmitted: ~The cost of the digital 


logic is a function of the complexity of the communications protocol used. 


Of all the centralized communication schemes polling is the simplest and therefore requires 
the least expensive central contro! and interface equipment. “Centratized equipment is 
typically an inexpensive minicomputer with appropriate software. The..rf-modems used in 
these low speed devices are relatively inexpensive, as is the digital logic. 


FOM interface units require only minimal control logic. Their cost is primarily a function of 
their transmission speed. As rf-modems are manufactured in larger quantities, the cost of 
FDM units will drop significantly. Only frequency translation i is necessary, at the headend for 
point-to-point FDM communications, while the equivalent of a telephone switch is required for 


switched FDM services. 


TDM units with fixed time slot allocations also require centrally controlled switching but only a 
modest amount of control logic in the interface unit. 


DA-TDMA requires sophisticated logic in the interface unit, as well-as sophisticated controt at 
the headend for time slot allocation. Contention schemes require sophisticated: logic in the 
interface units but no central controt beyond frequency translation and signal conditioning™. 
The relative economics of contention and DA-TDMA eystenis of: hepilatics depends largely 
on the number of users served and their traffic volume. 


2.3 Cable system limitations 


Privately constructed and operated industrial and campus broadband networks, LACN’s, can 
come close to realizing many of the favorable communications features eecimee above; the 
same cannot be said about existing cable networks. The problems are both of technical and 
institutional origin. The following constrdints will’ sates nieroetetion ¢ ot economical, high 
speed data networks over cable television systems: © 


SNetwork management functions for a contention system may be implemented in a centralized headend facility, 
but unlike many other access schemes, such a facility is not necessary to basic system operation. 
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* Technical - 


* Ingress and insertion noise due to bore construction and maintenance of 
Cable systems. : ak apm ot 


* Reliability and security problems due to 5. ssi of — the fault or 
source of gutinilees on he network. 


. Compatibility with aes transmission, 
- Organizational 


*Lack of common cable network specitications and communications 
protocols which preclude the use of standard approaches or r equipment, , 
therefore not providirig ecottbinles of scale.” 

i + Large investment necessary to retrofit existin system amplifiers and 
~ headends to’ accofntiodats t two- -~way ‘switched services. 


* Large investment necessary to wire cities ead buadings. 


2.3.1 Noise and corrective measures 
ni. ; 
Two types of noise problems on two-way cable systems are insertion noise on ‘the upstream 


channel and ingress noise iato “leaky. ceble cable systems, Noise is important because It 
limits the data carrying capacity of-a;cable network. Noise enters:thesystem at many points 
atong the cable plant. _in-Figure 2-3; twelve noise. sources ere identified: receiving: antennae at 
headend, headend, local origination siudie,.the thnk: cable tiesgest diameter cable; shividing 
provides high noise immunity), leakage: at. the: dunk: amplifier, Jeakage at the. bridging 
amplifier, the feeder cable (narrower, and therefore lower noise immunity than trunk cable), 
leakage at the tap, the drop cable (narrowest, and lowest noise immunity cable), the interface 
unit, and the communicating device (computer or, talavigiog sei), leakage. at the line extender 
amplifier. 


2.3.1.1 Insertion noise 


3 ro 


The noise on the upsicngin, hanel inthe vicinity. an headend is: scan of.all the rai 
"inserted" by all the units which tap onto that channel.and the. insertion naige. from every 
amplifier between the farthest subscriber and the headend. Thus the longer the distance 
between the subscribers and the headend, the greater. the, nolee. relative to. the signal. 


bert 
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Figu re 2-4: Sources. of signal noise. and interfer a (Cable Television: . 
Panag: Conisiderations 


1. antenna at headend. 

2. Headend. 

3. Locat origination studio. 
4. Trunk cable. 

5. Trunk amplifier. 

6. Bridgitig ‘aniptifier. 

7, Feeder.cable. 

8. Tap. | 

9: Drop cable. 

10. Interface unit. 

11. Communicating device. 
12. Line-extender amplifier. 
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Existing 300 Mhz residential systems are typically configured to minimize the total number of 
amplifiers needed, as opposed to the length of the maximum branch, or amplifier cascade. 
This design typically results in some long, noisy upstream channels. The majority. of two-way 
active and‘ two-way ready systems are tree configurations, and many continue to be built in 
this fashion. 400 Mhz systems do not suffer as much from ition. noise because, due to the 
inferior distortion characteristiis, of 400 Nit amplitiers, they are desigried {> minimize branch 
length, i.e., configured ia a hub fashion (see Section 2.1.1. 2). 


Feeder cable has poorer noise immunity characteristics than does distribution or trunk cable. 

Significant amounts of noise thereby ‘enters the system through the links: between the 

intertace units and the distribtition cable. Commercial users can usually afford, td use higher 

quality feeder cable to run from the retwrotk trunk to the building; therefore, insertion noise 
_can be counteracted, for a price, on institutional networks. 


2.3.1.2 Ingress 


Loose connections, for example at a subscriber tap, can allow the ingress of outside signals 
or noise. This ledkiness ts first of e call due to poor ' mechwint meat design ‘and engineering of the 
cable plant. Even if a system is carefully installed, the connectors need to be tightened 
regularly or significant leakage will develop. Connectors typically begin to leak’ ‘six months 
after installation due to the effects of temperature variations on component materials. itis. 
difficult to engineer around a leaky system, on anything other than a case- ‘by: ‘case basis, 

because the noise which results is not randomly distributed; therefore, : commonly: used. 
engineering techniques cannot be brought to bear. C-B and Ham radios neaf:# leaky cable 
system can cause complete disruption of communications in the lower part of. the Gable. 
spectrum® [4]. In extreme cases, intermodulation into other video bands can ocour™®. 
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A related problem is interference of data signals with television sigitald ei the cablé. Noise 
levels as low as 60 dB below the television carrier can cause television interference . 
Although the power levels of the television and data signals must be carefully balanced, 


Brhis lower portion of the frequency spectrum is typically designated for data transmission on subsplit systems 


32 intermodulation results in signals generated at frequencies equal to the sums and differences ofthe signate that 
are interfering with one another. 


experience has shown the problem of cross-channet interference to be controHable. Systems 
are typicalty designed to transmit data ‘at power tevels approximately 18:dB below the levet of 
the TV signals. Problems of cross channel interference are likely. to: be somewhat more 
significant on older residential systems than on newly installed residential or institutional 
systems because of interior construction and components. ‘In particular, amplifiers tended to 
be designed to weaker specifications than they are ‘today because tie electronic components 
were more costly. In addition, the older systems with smaller channel capacity performed 
quite well with less demanding practices of construction and maintenance. . 


It is possible that clrannels that are unusable for Video transmission can be used for data 
transmission. In particular; channels 14; 15; 16;and 41 carrot be used for vided-becauseof 
interference to aircraft communications; date signals Wat are propeny: placed may tot create 
such interference. Similarly, each ‘community cable systewe ts unable to: ‘transit via -the 
frequerities used by local television broadcasters because 6f interferente trom the over-the- 
air signals; data signals may be more immune to this interférendethan are vided signats. 


2.3.1.3 Corrective measures 


Some of the noise problems -- both insertion and ingress -- can be alleviated through careful 
engineering and network design. In addition, the noise level can be contained via an 
aggressive maintenance schedule, for example, tightening loose connectors to alleviate the 
ingress problem. On the other hand, tightening connectors is is a labor-intensive operation and 
it alone does not assure acceptable ingress levels. 


Bridger switching was described previously in connection with. a polling access scheme. 
Bridger switches were originally intended to limit upstream traffic: ta one branch-at.a time so 
as to limit the insertion noise that accumulates on the multiple branches of tree structured 
systems. intelligent bridger-switches . with microprocessor control can act as subsystem 
controllers. These controllers can perform services otherwise performed by the headend, and 


can reduce the cost of individual interface units, through added functions.” . 


Using bridger-switching in this way signiticantly constrains the type of communication access 


“Ocontrol-com Corp::tefers to the Intelligent bridger ewitthéd as‘teea microprocessors. They are used for fault 
detection, jamming detettion, traffic monitoring, and security subsystem management. 
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scheme which cen be.impiamented. in. parioular, i-ie.ingompatible with. ceatention pratocals 
which require the channel:to remain epen,. In fact, bridger-switohing je anly ii use 
with-polling-accese schemes. et 


An alternative 9. bridger switching for reduction oft noise. is the use 2 of digital regenerators on 
the upstream channel. Unlike analog. repeaters {am mpitiers) which _amplity | both ‘signal and 
noise, regenerators extract the data signal and Fegengrate | it without the noise component. 
Regenerators can only be used on a channel that is {ransmitting digital d data i in analog form, as 
opposed to analog signals such a voice of vido that have not been digitized. ‘Not all 
amplitiers.on the upstream channel would need ta2e: replacad: by regener ators; the number 
can be adjusted depending upon system: acies levels and the desired SNR... Retrofitting a 
cable . system to. use .digital. regeneraioss: would invelve: ouling ctf the desied. wpetream 
frequencies, bypassing the upsizgam amplifier. and sending. the eelacted signals: thraugh, a 
demadulaton a regenerater, a medulator, and..back, te the eutaut-peint of. the bypassed 
upstream amplifier, see figure. 2:4.:. The selephone carapany-waas.14 (1.544 Mbps) digital 
regenerators extensively, which has brought down their cost to approximately $70 each. 
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Hub systems have shorter amplifier cascades, resuiting In-less insertion ncise on:upstream 
channels. All future systems, both residential and institutional, should be. designed in a hub 
fashion to reduce upstream noise and to limit the need for additional Coniponenia euch as the 
digital regenerator described above*' 


To avoid interference on leaky systems from c- B and Ham radios, channels coinciding with 
these bands can be avoided. A related alternative is to allow communications Circuits to 
switch from one channel to another it the channel in use becomes unacceptably noisy. This 


would require frequency agile modems and ¢ an additional wove! of complexity and control 
hy 
capability at the headend. 


Another approach is to use a low bit per hertz ratio wen allows tor increased signal energy 
relative to the noise. This option is ‘constrained by the available bandwidth. While bandwidth 
may be plentiful now, it is likely to be an — scarce bya in the future. Finally, 
more sophisticated - and expensive -- _Mmodems can be used which allow correct signal 
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reception even in the presence ‘of noise. 
Some compensation for the high noise level can be achieved through “the design of the 
communication equipment and protocols. Most packet ‘schemes are designed with ‘the 


expectation that some packets will be lost or r damaged s and therefore they provide for sensing 


and relraremmasion /mechanisms®. 


2.3.2 Reliability 


2.3.2.1 System reliability 


The reliability of a communication network is a measure of the availability and quality of 
service. it depends upon the following network characteristics: : 


- Noise immunity of the transmission medjym. 


“the distortion characteristics of high bandwidth canesbiers andes: limited ance ‘ancth. dhecstore all 400 
Mhz systems are designed in a hub fashion. . Oh. ace & & 


“tia important that whatever schemes chosen showks degrade gractitly unten eonditons cf high packet ror 
and retransmission rate. 


- Mean time between tailure (MTBF) of system components. - 


- Sensitivity of network operation to the failure of single ‘components of the 
network. 


- Susceptibility of the network to jamming. 


Broadband coaxial cable (see Section 2 1 1 2) has a higher noise immunity than does either 
baseband coaxial cable or twisted pair. This higher immunity results in specified bit error 
rates (BER) of 108 to 10° 1043" Bit error rate is also proportional to the data rate used, 
therefore lower speed transmission can be used ‘to overcome noisy systems. Most cable 
video channels operate at a signal-to-noise ratio (SNR) of 40 dB. 


Cable television is a mature technology; individual components tend to be highly reliable. 
Measured MTBF’s for amplifiers are as high as 50 years. Manufacturers guaranteed MTBF's 
are as high as 20 years {66}. However, failures are not distributed ‘evenly over time. Also, the 
additive probability of failure of a long cascade of amplifiers is not necessarily negligible. 


The headend equipment | used in simple FDM or polling data networks is relatively 
standardized and reliable. Headends that implement complex addressing functions use fairly 
sophisticated minicomputers. The computers used are not particularly new or risky, but their 
lifetime, let alone their MTBF, is significantly less. than. 15 years; in fact MTBF for most 
computer equipment is measured in days. The reliability of the interface technologies varies. 
In general, those that have been used most extensively in the field, polling and FDM, are most 
reliable. They have been well tested and are the least complex. oe 


The most significant reliability problems of technical origin, are: 
- The isolation of faults. 
- The susceptibility of the netwark to malicious behavior, i.e: deliberate jamming. 
Among the primary faults that can occur in ‘the cable plant ‘are conductive shorts, open 


circuits, and amplifier failures. In the case of conductive shorts, signal tracing techniques are 
ineffective, and refiectometer processes ; are not t employable because of the amplifiers {66}. 


SMModem. manufacturers claim that leas than 3% of all cable systems actually experience BER’s better than 10° 
due to degraded signal to noise ratios which result from insertion noiae. 
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Fuses may be placed throughout the Gable system to improve reliability; as ees by‘D.G. 
Willard of. ox ee 


Mean time to repair. (MITA) i is as. s important a M@AaSUFe as. 6 MTBF, laolation ecnniaes must be 
engineered, at the. intestace. unit, bridges, switch .and headend. layels,. to assure service 
availability despite component failures. .Witlard discusses "pilot. monitgring subsystems". as. a 
powerful means of identifying and isolating component failures. The use of parallel redundant 
amplifiers limits the effect of a single amplifier loss to only 6 db. By turning various bridges on 
and off, one can then isolate which amplifier has the reduced ga gain. For industrial users, who 
demand high ceili ny controled whnapbuaceiee they 66 extended ‘to’ the clistomer 
interface unit as welt. ead: 


Headend failure.brings. all, sommwnications to a hailt;-Fherefore, :it: is: vital to -have. resilient, 
replaceable, and; probably. redundant headend. equipment altheugi: this: conflicts with the 
desire for more sephisticated: headend capabilities... Aggressive: maintenance and protection 
of the headend.4g: aisg_ important... Contention acoess..aysteme,awhich require the. least 
ree headend, can be Bennecns to be more reliable man dainaah or aaa TOMA schemes. 


SE ee ae 
The. cable network is vulnerable to.a ‘adits shwemnices behaviors which interrupt service to 

network users and are largely unpreventable vie technical means, ; Thie is part of a-general 

class. of problem, called. denial of service. which ie.experienced in: most computer. systeme, 

and satellite communication:systems as. well, it is a:eimple- matter ta alter an interface. unit 60 

that: it.sends @ jamming: signal on. the network thereby. desying service ‘to all-users.on that 

channel. Fault isolation techniques: can.-aid in.the isolation of tampered interface ‘units, 

thereby limiting the. aunber of usens:that:is: affected: by the jammer. 'in.a hub design, the 

headend can determine which of the networks radial 4nanke the offending unit is using. In a 

tree design, addressable bridger switches can be used to locate the branch of the offending 

unit: Everituatty, all active coniponents, i:e:, line anipiitiets, tight be addressable so that the 

smialiest portion of the nétwork'ts disrupted. Ofte cnautipis Ot fhis’b¥Ubiém, Is the jarnming of 

an alarm security channel by @ burglar who sub: y buitijles a neigtborhioed, | or City 
block, while the: atatifi’ Service ‘operator is-trying' fo toeatd thé problem. Hf the offending dnit 

can be immediately isolated to within a block, the alarm system can remain effective; but if it 

can only be isolated within a neighborhood, i.e., one radial spoke of a hub network, the alarm 

system is worse than ineffective because of the false sense of security. 
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it may also be desirable to locate the interface units as; far fram the user.as is possible, 
perhaps outside of the users’ premises. The mere distance would inhibit. malicious actions. 
Currently, interface units are powered from building power supplies, and not from the cable 
cable television facilities; thus a power feed would Have to be'run to trie interface unit as well 
@$ acommunication cable. Sophisticated networkirig tecHtiques‘can thake use of frequency 
agile modems to provide alternate routing capabifitiés to avold jariméd or rioisy channels. 


2.3.2.2 Security and privacy 


From the end-users’ viewpoint, the responsibility, of the. communication network is. not. just 
transmission of data, but communication of messages and information secure fram. invasion 
of privacy. For this reason, network security is often considered as a factor in system 
reliability. tssues of message content ‘sécurity are not qualitatively different on broadcast 
‘cable: networks than they are on the traditional telephore nétwork):whe precaution taken in 
both-cases will be’ end-to-end encryption. Nevertheless; vigaasiasiscimai, ‘Wiretapping is 
‘easier on a broadcast network, where all the Waffic: wanes everyicustomer:. 


Susceptibility of the network to traffic anaean is ‘iken on fibidadcaal sacket networks than it 
is on the star-configured telephone network [36]. Contention scheiwes, in‘ particular, require 
that every unit‘on the network inspect every packet Header that le transmitted On the channel 
so that each unit can detect when a packet i¢ addressed to I. Tins contél scheme tends itself 
to monitoring of ail traffic on the channel: Encryption schemes have not-yet been developed 
which can prevent traffic analysis on broadcast (cable) channel, inparticular, this problem 
can not be addressed on an end-user basis, as ‘cart protection of medsage content through 
encryption. But, most users do not 4ear- traffic paige emer veirerabilities 
would deter them: from using the systetn. COE Ee Me aos es ; 


In practice, security measures are likely to be left entirely to the user. This, means that end-to- 
end encryption will be implemented, of. not, by the.end user, and not by.the network. operater. 
It also means. that there will be no security measures, taken, against. traffic, analysis on 
broadcast channels other than monitoring for foreign dexices.and wiretapping. enh 


2.3.2.3 Institutional roadblocks to system reliability 


Reliability is only partially a technical problem. Therefore, it can only be partially addressed by 
technical solutions. The level-of service demanded: by djusiness data communications users 
will not be met by the quality of service currently accepted by residential television viewers. 
Fundamentally, the cable industry is still an entertainment provider and is not yet prepared 
mentally, logistically, or technically to operate to data communication standards. In 
particular, downtime, technical training, and: equipment maintongece-will heayily tax the level 
of expertise and competence common to most cable companies. 


2.4 Summary 


Two-way cable system hardware differs from one-way system hardware primarily in the level 
of complexity required at the headend, the type. of amplifiers used in the distribution, plant, 
and the interface units used to transmit and. receive, , Signals. . The communications protocol, 
also referred to as the access method, largely determines, the quality and variety, of services 
available; the selection of a protocol poses trade-offs between complexity, function, and cost. 
For simple applications (i.e., low speed, point-to-point or point-to-multipoint), minimal- 
function, low-cost methods such as polling and FOM are best suited. For more comandg 
applications (i.e., moderate and high speed, any- -to- any), enn protocols. ‘are better 
suited and are more ecanomical because of the complexity: and: cost-entailed :in-enhancing 
the simpler methods. Most existing:cable systeme are.timited:in: their applicadility:to bwo-way 
services because of excessive: upstream noiee .andiew reliability. The primary source of these 
problems has been cost-minimizing. engineering: practices which did not: adequately value 
two-way Capability; mest; of the:limitatians can be:overcome-in newer systems... 


Having described the basic network components and higher level communication protocols, 
in the following chapter we will discuss the service structure options and costs associated 
with implementing data services on cable television networks. 
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Chapter Three 
Cable Television » 
as a 


Data Transmission Medium: Analysis 


In this chapter we analyze the relative merits of service structure options and their associated 
costs. The ability to communicate with multiple servers, i.e., not ay the cable operator at the 
headend, is found to be ‘essential for ‘support of future services. “We: begin with a brief 
discussion of institutional impédiments to the development of data’ ‘services, the largest of 
which is the market uncertainty facirig the cable industry which ih ead investment in data 
communications faciities and expertise. - 


3.1 Impediments to Data Se rvice Development 


Data communication services will not succeed until the subscriber market reaches a critical 
mass. On the other Rand, large numbers of cabte sydtems wil have'to be upgraded to two- 
way active status before: this ‘critical: mass: develops: ‘A. “chiéken and egg" syndrome 
develops, in which:‘the cable operator does not want 90 invest in two-way construction without 
assurance of a market, but the market cannot develop without such’ cdnetruction. «An external 
force is needed to break the cycle of interdependence. Concerted Jeena: push" efforts 
by equipment manufacturers, or demands of city cable authorities, ‘ight provide such a 
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force. 


Another barrier to achieving the critical mass necessary is the high cost of wiring the city 
center. It is the area of highest data communication activity but also the most expensive area 
to wire. The high cost is due to the density of buildings and the lack of empty pole space. 
This forces the cable installer to tear up the streets in order to install underground cable. In 


addition to the cost of wiring the city streets, there 484@ cost_of wiring: the buildings in the 
downtown sectors. bea speed data communications is not of much use to a corporate 
headquarters if the data stream must trickle ‘thtough Whe harrow bandwidth of telephone lines 
once it reaches the building. Therefore, for full utilization, the *BuiGihgS | must ‘also be wired. 
Thus, effective corporate use of cable must await wider use of LA@@s: These pinblems are 
diminished inthe more. racenty.Jnneniaad cities, sina institutignal network requirements are 
included in the franctfee'cormtract, rie ote) LQG Satan eee 
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plant. If cable eperators;;and their: financing, indtitutions: were; conéicitint in theexistence of a 
market and attractive revenues, the cable and other necessary facilities would be installed. 
One method for assuring the market is through joint ventures with ‘interested ‘high volume 
users such Ad "banks ad alttinés. tr addition’ ‘16 pray d better base, ‘these joint 
ventures could contribute to intelligent user- driven own of facilities and out-front arene: 
Does Pe eal an Garth HOH AHO ay ciph ive a 

In addition to iiaeoiy appropriate facilities, setae level 1 ’corenadnication®dhokenéle must be 
implemented and. -Standardized. inorder, for .communigation, »based, services. to develop. 
Terminal manufacturers, information providers, cable qperetere, amb deers must all 


eee in this haar sal it to Be ery affective; a difficult . net impossible task. 


TAG oe gfe Gotu oof AOE 
Even if jomt vertures-are-not coordinated, itis tiketyttrat many of the major cities will be wired 
as" part of residerttial cable franchising agreements: ineréasiag: numbers ‘of cities ‘ere 
requiring the inetettation of an thetituvonal networtin thelr dotwrwwedn ‘centers for government 
and commercial: sectoruse. Séme of these eyetemsare being ceterniied separately fromithe 
residential network“ Although local franchise agreements will insure that the institutional 
cable will be installed, if a market for, these. servicgs is. Ppt, Visible,.the systqn) might.remain 
unactivated. A ala obstacle to covecorent of the market, is that eatane! service operators 
will be faced with providing service on multiple cable plants which vary ¥ significantly from one 
another in quality of “transmission, and headend “Capability. “This will place significant 
importance on media- transparent service ‘system design, Wee hansaction services \ will have to 


operate over telephone, two-way cable, and hybrid networks. 


“in ew ers eet being run by a rate pidiary of t 
in‘Tucsbn, tha se ene bar hited ee ee 
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3.2 Service ‘Structure Options 


The service structure options for offering data communications v via cable must be evaluated In 
terms of the two primary markets: 


-- Residential Systems 
* Banking, transaction, and {nformation rétrieval services, ' requiring 
communication between subscribers and commercial servere,..: .. - 
*Supactines to: eubecr pet comerucalions fer mal. mencogngi 5 panies. 
* Home-to-olfice communications for professionals working at home. 
- Institutional Systems 


“High speed data communications, hanpean: commercial and. institutional 
users - - inter- comotate and intra-corporate. 


. High speed data communication connections to ae “Gaul peers network 


* Subscriber-to-subscriber communications ft mi, Siascaslier a facsimile, 
and resource sharing. . Berta ae 1g Pe’ ‘i 


Each service structure implies. a Ges set of es for the communication 
architecture of the cable system, the physical eagineering of the cabla network as well as the 
higher level. protocols. used. - Fhe architecture determines who car initiate. communications, 
who:controls the eatablisharent.of communication einouls,.whe.can be: uniquely addressed, 
and-how much communication capacity is availableto-differentclaseses: of users... 


a 


3. 2. 1 Conventional Residential Systems -- Headend to Subscriber 


ay toyhs ° 
Conventional cable networks which distribute video entertainment have simple and limited 
communications structures. Conventional systems share the ‘common feature, that all 
2 Tee HAPEE. t . diye < 
communications are either originated, ore are addressed, to the headend. 


AEP Le 


3.2.1.1 One-way Systems 


In the simplest one-way systems, the heacend transmits — to et HL Done on ne Uicssabeda 
indiscriminately. Tiered services Quip" th ing 3 


privileges, typically according to the monthly s service- -fee paid by the user. Transmissions are 
still distributed to all points on the network from the headend, ‘indiscriminately, | but only some 
nodes are able to receive or descramble the signals. 


A one-way information service, such as teletext can also be operated u using a strictly one-way, 
headend to subscriber service structure. Unlike over. the- “air ‘teletext which uses only the 
vertical blanking interval (vB!) in the broadcast signal, cable systems have the option of 
allocating an entire channel to teletext information. For this application the subscriber is 
equipped with a page- grabber, and a keypad for selecting ‘teletext Pages. However, ‘no 
information i is sent back to the headend or the information provider. ~ 


3.2.1.2 Two-way Systems 

‘Conventional two-way systems allow for some infotmation to flow from the subscriber nodes 
‘to the headend. This.capdbility is most widely used foreséourity and fire-alarm monitoring, or 
for pay-per-view television requests and billing. Bott of these services hot ial aa limited 
up-stream communications; but eeereerne erry as well. : 


A simple, polling, access scheme is typically used or these service For monitoring and 
security systems, there need only be three message states - alarm unactivated, alarm 
activated, and device inoperative. Pay-per-view television services ' require enough message 
states to communicate the identity of the ‘charinef*r progrim being Viewed to'the headend; 
the headend responds by fogging the requést of the subscriber for biting purposes. in the 
case of alarm systerits, the headerid responds to any “alarri activated” ‘or “alarm inoperative" 
message by signalling the local police and fire department’ of Gable répeirman, respectively. 
Thus additional communications is required between the Lrraiilens ane me Cig oe one 
message destination. _ 


Conventional two-way systems can also be used for simple videotex services which: 
- Require limited upstream data. 
: Access information which is located typically at the or 


-Can blarate long response times typically associat: with -polling access 
schemes. 


51 


The specification that all subscriber requesis are serviced by. the headend |e the fundamental 
limitation of the conventional headend to subscriber communications str strycture. 


3.2.2 Multiple Server Residential Networks 


Not all transaction ‘and information. retrieval applications can be appropriately served by a 
single server structure such ry ‘that described above. ‘For example, banks, as primary 


: git i. 2e0N ipnetat - 
participants in the growing transaction services industry, = be untikety to hand over control 
L ort Or sxgteat of ignlene: oo: 

of such services, let alone access to seneitive | data, to the cable operator. ‘They will 
{enee Ma a BOTS bods. cone 


require server status on ‘the ‘cable network whereby they can control communications with 
subscribers directly. A second example is of a local printing service. High-quality printers are 
similar to photocopiers in that they are high, fixed-cost items that are used intermittently but 
that must be easily accessible. Therefore, as with photocopiers’ the teoal, dry cleaning or 
local drug store might offer. a; printing. serie at locelione.ether. than the headend; they.too 
would require server status, Broastkeand technalegy requires thatall elanals pags taroughs the 
headend. The diffexeace between: the. rayitipie and .aingie earves, stnactuses is that initiation, 
interpretation, and processing ofthe cosemuniestionn ie slowest pointe ether: than ibe 
headend. This configuration has profound institutional and technical implications. 


ary 


3.2.2. 1 Institutional requirements 


i cabua opa aac iniel pron; gpaiwencin anise aogrenaa “aommunications" aes 
and not 8 programming .or. information. pervica, ., that, is,.the,. cable operator will provide 
‘transmission, network maintenance, and switching, but will pat be invelved. in the cantent 
aspects of these interactivesessiong”... 6 REAP. 


Having all conuninications: siicieass through the headend gives extensive control of service 
implementation and quality to the cable operator. This is likely to raise concerns on the part 
of other service providers and eubaori threepectto:  . 


- The proprietary nature of the data being exchanged, the. inability of the. service 
provider to control the qualy of the user- ZOOTOES: and 


- The implications of Goenelitive services offered oy the ie © operator in in addition 
to other service providers. . eomney etd oR 


45 at the same time, the operator might act as an information provider Keelf on other channels. 


§2 


Privacy ‘concerns ‘aré not inherent or unique. {0 the. communication structure: End-to-end 
encryption will be required to insure. seci ity’ of some data, both "proprietary and private, on 
any cable communication system. Authentication of the message source will also be required 
in some applications. Both authentication.and :key distribution are-examplies of:.enhanced 


services pe aeons ene providers otherthan:the:ceble operator. 


The success of transaction services will depend, on the quality ‘ot the user interface. 
. Therefore, service providers, will want direct control over the relevant aspects of subscriber 


eat oe] 


communications. The particular application determines the. sens vity of. the Service to, the 
quality of data communications on, the cable network -- -sippal to to Noise ratios, traffic delays, bit 
error rate, etc. For instance, an dectronic funds ifanaier (EFT) service for banks will be more 
“sensitive:to bit error.rates than will an electronia game serviee: Similenly, a highly:interactive 
service wil be more-sensitive to traffic delays than.-wiha beich:service: To the extent that the 
- cable: operator. offers services that are equally: sensitive; sania providers other than the 
. Cable operator. wilt: have -aocess to-adequate tranenvasion; seevines; service providers with 
_ more sensitive applications will have to.convince:the openpige sat.demand is. high. enough to 
warrant iavestment.in: higher quality kanemisaion faciities:: However; in erder to have.true 
control over the quality of the. yser. interface, the service. providers; :-and. mot.ihe cable 
operator; may wish. to: control such application tevel features @a}.snapanee. time,.screen 
- format, error-handling,.and query format. Sh abty JT Ae GEE gga eae 
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It is likely that if the cable operator and other service providers a are ° competing for the same 
subscribers, the operator, will have access to infor ation 2 and ‘contrat which gould provide 


anti- -competitive advantages. The potential for abuge is high if the cable « operator controls the 


"ae ot 


user interface for competing services (see section 5 53. ‘5). oGPt instance, s services. that use 


_high- resolution graphics can be very Angeying.t to _yse ‘it the data fate is sO low that the user 
“must wait for the screen to be “painted”; Jin ‘such gases iti is, preferable to, use lesser quality 
graphics. Therefore, transaction and infornation service providers are Gapandent upon the 


operator to implement their-servicas-at satislactory speede — .<,, 


3.2. 2. 2 Teconical requirements 
The ucheical requirements for muttipte-sérver centhenunications inetites 


- A high bandwidth link bet dhe Headend to take advantage of — 


ee : WE A | 
the high bandwidth downstream link to ‘subscribers. 
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- The capability to address directly multiple servers, or the ability. of the headend to 
respond to requests for communication Jinks. between, subecribers and server 
nodes, i.e., complete logical connectivity etweet eit tiodee, 


On conventional two-way. systems, the vast majority. of data travels from: the headend to 
subscribers. This is consistent with the large amount'ot-beridwidit that te available on the 
downstream path, compared to the small amount of upstream capacity. Server nodes that 
operate independently of the headend will require sigtilficantly more upstream ‘capacity to 
transmit data to the headend for translation onto down-stream frequencies” . Aesidential 
subsplit systems will accommodate only a a limited number of server ‘thodes in addition to the 


esd 


headend. The number will i depend on the volume of information and ntimber of subscribers. 


Most experimental videotex systems to date transmit all ‘data-vWe telephone lines:.in theee 
experimental: systems: information: and: software frequéntly called upon. by subecribers is 
stored at the headend: This'tstargely due to the bottleneck createt:by narrowband: local, or 
long haul, lines which connect the eervers to the headend. if a server attempted to interact 
with subscribers in a “pass througt”*” manner, -#t would’be greatly:constrained by this phone 
tine bottleneck, ‘particularly in the: case ‘of multiple simultansogs requests. tf the type' and 
amount of information which is to be sent by theée videotex and transaction services does 
require & high’ bandwidth medium, and if storage of frequently: used “information’ at the 
headend is not acceptable to the service providers, trend more apprapriate configuration is 
to allow local servers to communicate with the headend and subscribers via upstream cable 
channels, or other high ‘bandwidth ‘media. “alternative tachniologies such as point. -to-point 
microwave, DTS, leased telephone lines, are also possibilities for the | transmission of the data 
“between the servers and the headend; : downstream data ‘originated by the server, 2 25 well as 


care 


‘be used for communications among “multiple c ny as “opposed to between a forms ue 
and a computer, high bandwidth channels wilt be needed in both directions. mean 


Network nodes must be able to addréss each other and control commurications with one 


sparse pleted prcaron aloes alate ard ts fundamental 


“7 Pass through fn ap 200 
active participation, other than rs 
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i hati: fh no, processing, al 
the simecriber and berver. 


another in a dynamic fashion. This capability requires that the headend be equipped with a 

computer and software that is significantly more complex than that needed for a simple 

polling scheme. in addition, the interféice units of both ‘Seiver and subscriber nodes must be 

equipped with sufficient electronics and rogram contiol bd  iplemet the appropriate access 
scheme or switching methiod. _ 


The connectivity and efficient bandwidth allocation offered by contention and DA-TDMA 
schemes are necessary and economically practical. when. services invalve. significant 
communication in both directions and between many parties. Therefore, these are the 
preferred access schemes. The current cost of these schemes. may be prohibitive to use in 
residential networks. This will change but in the i interim other, less suited, ‘access schemes 


will also be implemented. 


Switched FDM or TBM/TDMA services are not well sulted to “bursty” traffic, since the 
bandwidth is dedicated, as opposed to: dynarhically HHocated: “Fierefore. although they 
provide the connectivity, they are inappropriate for multipoint subscriber-to-server 
communications, where there are thousands of "bursty" residential nodes. 


Of the access schemes discussed, poling isleast Suited to fast'fesponse, interactive, any-to- 
any communications. ‘Nevertheless, on: triany residentiat-networks; equipment availability, 
limited cable operator expertise, and interface unit-cost will ésult han attempt to use pofling 
for such applications: One method. for implementing -arly-to'any Conirhunication: services 
using polling is described here to iftustraté ‘the difficultfés. The headend polls subscribers for 
packets ‘and forwards each packet to the addressed Beiver-(Vid the able network’ or other 
established communications’ media). Servers sititilay addréeds “Bil! packets ‘to ‘particutar 
subscribers and the headertd translates these packets ome thé “appropriate downstream 
channel. In the case of a continuing interactive seasiel the Headend! migit'set up a virtual 
circuit between the server and subscriber engaged. Upon request of a Session, packets are 
automatically routed between the two. until ‘the ession i is "completed. — Throughput ‘and 
response time are critical i in interactive communications, “and” are very ‘sensitive to the type of 
nei scheme used. Therefore, cinerenta! eee ceabigenane can ve sie which ae the 


once every minute, devices that have been active beiclok the preceding minute are 2 polled ten 
times per minute, and devices which have baen active. withinthe ‘preceding tenth of.a minute 


are polled every one hundredth of a minute. In this way, faster response is directed to those 
devices engaged in interactive sessions. The downstream. _chann@) operates in a broadcast 
mode, where all subscribers listen toa common, frequency | band fort their communications, 
but only the addressed device actually reads the contents of the communication. Although 
technically possible, polling schemes are not optimally suited, to, highly-interactive,. fast: 
response communications among multiple servers. 


3.2.3 Hybrid Residential Networks 


One method of achieving the switched multipoint two- “way, communications capacity required 
is to use the telephone network as the upstream link. This, ‘method has been proposed by 
AT&T as a means of delivering videotex and transaction services. “ae ' The subscriber uses. a 
modem and the standard telephone lines to communicate fecueats ‘and Sinfornakon: to the 
server. The server then: transmite the. addressed data. es.reply to. the cable :headend,. via 
leased lines, and al gre tiga tee apptopriate downstream 
frequency.”? 


The advantage of a hybrid system over a strictly telephone-based videotex system, is the 
higher bandwidth available for downstream gommuyaicatiens,..High-«esolution graphics takea 
long time to transmit over the narrow. bandwidths auailabie.an telephone links. The. advantage 
of the hybrid over a two-way, cable system, i the existance of. the Jelephone as.a.ubiquiteus, 
addressable, upstream .medium. which. aveids the: cost af sateolitting one-way.cable systems: 
Hybrid, systems. do. entail the inherent disadvantages: oh cperdinating the. organizational, 
pricing, and technical.operations betygen the-telepbeng and neble-campanies, in. addition ta 
tying-up of phone facilities for voice.communications; in nanticulas, the sesident is unable:to 
place, or.receive phone. calls, and. the: slephane. exchange experiences loager: holding times 
(see section 4 further diecugsion of data communications mia telagbone lines). 


Mag see 
Their success is largely dependent o on the relative attractiveness o of injeractive services that 
AT&T will offer ‘subscribers, as compared. to those which cable operators, could offer. ATAT 
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Te te Cain tecetib sy ete cast 
“seninar gion by Deol Suen VP, 2» Reaidaail Marttog,-ATAT, Haran Propram on leformation Pokey 
Univeraty, October, hig : 
teva HecH Sotuys! 
“Hyoris networks are soo sited to singe server networks where he aubaciber sends requess to the headend 
via: the telephoned, and receives data ori: thd downstream channel © re 


has technical, capital, and institutional resources to draw together a highly’ attractive service 
package. “the cable operator desires ‘the mést. attractive package in order to attract 
subscribers to cable. It is possible that the increased number of subscribers, and resulting 
revenue might be significantly higher than the revenue lost from subscriber fees for cable 
provided information services. In addition, much of the: subscritier. terminal development 
would be left to. the telephone company which has. the. ability and capital to develop. the 
technology with the proper econamies of sgale. Use. of telephone lines: for upstream 
transmission would also allow cable operators to meet some franchise agreement schedules 


for two-way services. 


3.2.4 Institutional Service -- Point- to- “Point and Multipoint 


Unlike residential networks, institutional cable networks will initially bp used in place of leased 
telephone lines for paint-to- point applications. such as large, file transters between the office 
ofa multibranch company, or as a means of accessing specialized cammon carriers. Many 
cable operators will benefit from the "data communications experience” of this basic point-to- 
point service, before developing more sophisticated multipoint networking services. 


Cie 
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Advanced data services are best served by a switched multipoint network. Data networks 
using cable technology in a switched multipoint configuration are currently in operation in 
industrial plants and research campuses for communication within and: between buildings. 
These methods could be appiied-in the institutional markat.dver the next five years. One 
example is the communication network needed:ta intetconneet automated teller machines 
‘and bank branches. fncreasing dependence onikigh speed comfounications:within corporate 
offices will increase intra-urban communications requirements: 


3.3 Costs 


Cable is a high-fixed-cost, low-variable-cost induetry. Cable must.be.Jaid and: programming 
acquired independent of the costs per number of subscribers. he principal variable cost is 
the interface unit. in the case ‘of data communications: services, ‘these units are significantty 
more expensive than simple converters. in addition, the headend facilities for ‘Gata 
communications add fixed cost and complexity. . Data. ‘communications-wil s sharply, i increase 


labor requirements for servicing and maintenance of both CPE and the cable plant. 


In this section we examine cost estimates for cable- based services. Cost estimates are 
derived from recent cable franchise proposals [43], {20}, NCTA statistics, and research 
conducted by M. Akgun, Government of Canada, Department of Communications [3]. 


3.3.1 Basic cable System Costs 


The cost of traditional video distribution cable networks consists of the following: headend, 
CPE, cable distribution plant instaflation, eno and iebaciaiod and poe 
fees. 


The headend for a simple "community antenna” costs approximately $105,000 dollars. This 
number includes the cost of the antenna for reception | of over;the- -air Signals. Satellite earth 
stations are an additional $95, 000 for two. The cost of the headend per home passed is from 
$15 to $25, assuming that penetration grows from 25% in the first year to 45% in the fifth 
year®', CPE for basic cable systems consist of television Converters which are low cost items 
in the range of $50 to $80. The installation cost associated with bringirig service into a 
customers home, is from $40 to $50 [13]. Up nee ee 


Table 3-1 illustrates typical ie! pices for cable, distribution- pest, hardware components™ 
, [37]. . - 


Cabling costs vary depending on the:density of the area being wired.. Urban centers are very 
expensive, whereas rural and: suburban areas are not. Aerial installation. costs range from 
$7,500 to $15,000 per mile ($75:to $450 per subscriber); $2,500 to: $5,000 per mile are tabor 
costs. If there is. not enough capacity in existing ducts or aerial:poles, the cable company 
must dig up the streets to install cable underground: This raises: the cost of underground 
installation to anywhere between $15,000 and $100,000 per mile. The average cost of the 
cable plant installation per home passed ranges from $75 to $200 [46]. The total cost per 


We will assume a penetration rate of approximately 100 subscribers per mile for the sake of cost comparison. 
This. figure is: suggested by the NCTA as representative ‘of nolt:rural areas'‘and is comparable with the 110 
subscribers per mile figure used by Akgun. | wa td 


>'These estimates of headend cost, per icin cabal deca pani bapa dana Ned Saad 3-3 because 
in the tables the cost of studio facilities tor video Progra is linted separately: 


52 poberts, L., Karp, P., sGoewerieot: of transmission media for Local Area Communication Networks". Paper in 
preparation, divailable from P. Karp, Amdex Corp:, tivine, 


Tabte 3-1: Distribution plant component prices {1981) 


Coaxial cable $ 0.35/foot 
Drop cable 0.31/foot 
Amplifier ee 1,500.00 
Power supply (amplifier) . .. 400,00 

Tap for power 30.00 

4 port tap : 16.00 

8 port tap , 35.00 
Bridge tap 36.00 
Splitter (2-way) 37.00 
Splitter (3-way) , “$8.00 

1/2" connector ——-~ 3.00 

1/4" connector 50 

1/2" terminator 3.50 

1/4" terminator — - er8 .60 

4 Port interface unit ; 4,900.00 © 


home passed by cable therefore ranges from $175 to $300; given a 50% penetration rate, the 
cost is $350 to $700 ber subscriber. a 


The operating expenses of cable systems are simiar:in most respects to. other businesses. 
Unique expenses include ‘copyright ides, pole! rental fees! microwave expenses; and fees for 
programming and premium television: . The :operating. expenses: for large ‘metropolitan 
systems are from 50% to 65% of revenues. -Rural-eystenté. have lower operating costs:of 46% 
to 55% of revenues. These expenses consist primarily of technical,maintenance staff. The 
NCTA suggests the following average maintenance costs; 


- Headend maintenance and repair: $3,000 per year. 


- System maintenance: $75.00 per mile. 


Programming costs for new systems in large metropolitan and suburban areas are estimated 
as high as $1 million in the first year. The operator pays in the neighborhood of $50 per year, 
per subscriber for pay-television services such as HBO, Showtime and Galavision. 


Local programming expenses vary considerably depending on the franchise agreement. 


Some recent franchises include entire etafis Jar local.origination; while others include none. 
Net of advertising revenues, the NCTA cites local programming expenses at $2,500 per year™ 


3.3.2 Two- “way. Residential System Costs 
Two-way residentiat data communications wit! eritalf the tn action costs beyond the 


basic costs described above: an upgraded headend, more sophisticated CPE, retrofitting of 
existing one-way cable plant, addition of appropriate - a to compensate for 
upstream noise, and increased maintenance and service a ebro 

eub 


At the end of this section we present a table of copt ‘noir Jor three hypothetical 
residential systems of increasing sophistication (see Table 3-2). _ 


3.3.2.1 Headend and Customer Premises Equipmeat dcba, 


The cost of an salina includes the cost of the: sardware:and:software required to 


hry 


jaanacenent staan aetna a anaGe ran | and. off. p {etwork gatew ices 
Therefore, the cost will vary depending on the capabilities desired. Although the costs of a 
sephisticated. headend for. a:large-system can:reach a dew sellion- dollars; itis stil relatively 
emai compared:tothe bundred. millian detas; tohat systdre ipataiiation cost. : A 1878-study by 
the Deparimentof Communications: in Qenadaceliygestadtretoliowing numbers fos headend 
gests for:systems serving upto 100,000 anbacribiera:: ccc to BE cr I et estees 


- $160:000.: : Yeletest: Pe GED ek SB epMe eT 


- $325,000 -- interactive polling. 
- $600,000 -- digital switching functions. 


- $950,000 -- packet switching functions. 
: BS oe ARR EG Poti Ua Pie Sate 
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53this number is very low possibly as a result of averaging together systems with and without local programming 
facilities. 
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it the system is being newly installed, as opposed to retrofitted, the retrofitting costs do not apply. 


The headend used in the Cox Cable videotex system, Indax, will :cost $2.8 million: [20] 
_ (assuming the system accommodates 50,000 subs¢ribess, the, cost_is $26.00 per subscriber). 
The headend for the Warner Amex Milwaukee system will gost $1... million [43] (assuming the 
_ System accommodates 50,009 subscribers,..the,.cost,.is $4200 .per subscriber). This 
_ difference, $17 per subscriber, for the most part reflects.the expense. of implementing Cox's 
higher speed (0.028 Mbps, see section A.2,1.2), broader: capability. information and 
communication services, relative to Warner Amex’s polled. transaction, services which are 
rather limited and inflexible(see section A.2.1.1}. Both system headends are more than ten 
times. the cost of a basit one-way cable television network, $705; pants Table 3-2). - 


Cox Cable’s two-way residential interface _units,. which use. a. 0.028 5 Mboe (Q. 223, bits /hz) 
contention protocol, will cost between $200 and.$250°°. For comparison, Warner Amex 
estimates approximately $100 per. subscriber for a simple. polling unit and.an average set-top 
_ converter for video reception costs approximately $50. . 


The cost of FDM interface units vary according to modem speed and are typically upwards of 
$500 a piece. DA- TDMA units run as high as $4000 j in current production quantities. Because 
of these higher costs FDM and DA- TDMA access schemes are only considered feasible for 
. institutional systems at this time. These ‘numbers are ‘more a reflection of the perceived 
‘elasticity of subscriber demand than ‘of the ‘equipment costs. “Interface unit costs for 
moderate to high speed data rates will remain high until they are ‘manufactured i in much larger 
quantities. - Amdax Inc. manutactures both FDM and TDMA cable interface units ‘for data 
communications. The rf- modem portion of the interface unit currently. costs from $200 to 
$300 for a 0.128 Mbps modem, manufactured in quantities of 1 ,000. This cost is expected to 
| drop in half if manufactured in quantities of 10, 000°, The cost of the logic necessary to 
implement the communication protocol will “drop a as ts and VLSI “costs drop; but, rf 
components are currently difficult to implement in ust. 


Sthis cost estimate assumes significant production increases, and related economies of scale. Cox estimates a 
total cost of $33,871,000 for ail feeder cables, converters? and elas in its New v Orleans netvor® {20}. 


82 ak Kong, Director of Research, Amdax Corp, personal cointunicalioa: 
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3.3.2.2 Cable Plant 
Cox Cable estimates distribution ptant instaflation costs’ of over $15,900-per mile ($159 per 
subscriber) for the NéW Orlearis nda system. Warner Antex éatiidtes thiat It would cdst over 
$15,000 per iviitéof aerial cable, and over $26,000 per ‘thie of underground Gabe ‘instiiflation 

in’ MiWaukee: tricluded ‘iirthis cost are the Cable plant comporients namely’ amplifiers and 

‘bridge’ aripfifiers, até inétalléd at a frequency of .6'per mille, and‘tdst $1900 each {$9.00 per 
subscriber, vere: TnNaOOny iof the cable intaltation Coste’ daiclaatad veld. 


iy 


These costs refer to construction of new. <li Sinisa Tea pomsenaciies with ican 
existing systems, to allow for two-way services, is also relevant for analyzing the comparative 
economics of using cable-‘systems for data comniunicitlon:setvices' fRetrofitting of twd-way 
ready systerhs to two:wily active systems thvolves Insertion Gf Uipstraiim amplifi¢r modules Into 
- ail amplifié? boxes. These itiddutes cdst ih the neighharided oF $100" A 1978 Cablesystems 
Engineering Ltd. study™” estimated the total averaged cést of retvafitting ‘a mlilé Gt cable to be 
$783, for densities of 110 households per mile ($7. 57 per Subscriber). Retrofitting of older 
systems which are not two- “way ready cour approach the cost of installing a new system®™® 

These older systems ordinarily require upgrading from 12. channel, to 30+ channel capacity. 
The upgrading process involves replacement of all cable plant amplifiers a and bridges. tt the 
‘transmission performance of the upgraded system is sufficient the amplifiers used to replace 
the 12- channel amplifiers can ‘be two- -way as well. ¢ One- way modification modules typically 
cost $340 apiece, or $204 per mile ($2. 04 per subscriber). Iti is eotimated | that the per mile cost 
for rebuilding a system is $1300 ($13. 00 per ‘subscriber) more ‘than the cost of upgrading an 
existing system [55]. In many cases the transmission performance of these modified systems 
‘may not be adequate for two- -~way data communications ‘and the resulting higher maintenance 


i . ROE 
costs might outweigh the higher cost of rebuilding. Warner Amex estimates that when trouble 


fiw tosutgs: AGE 


calls reach a level of 10 per 100 subscribers, er, month, it, t becomes economical to rebuild the 


system. 


Corrective measures that control upstream noise levels are necessary for two-way data 


ote: N. Chisiett, et al, ee of CATV peeieess re eee aan hide cormeet Report. Cited 
byM. Akgun [3]. 5 


58540,000 to $15,000 a mite, ince mont of hese older sate are in rural or mauibeet woes where the cabling 
costs are not as high nv stay: 


communications over existing cable plant and. will contribute to the retrofitting costs. . Bridger 
Switches cost approximately $350, but are typically installed at the Aime: of system installation. 
As proposed earlier, digital regenerators might be installed. in. neisy systems,.in conjunction 
with bridger. switches to clean upstream channels. The digital regenerator hardware 
potentially costs approximately $70 apiece, but no. ene manufactures cable-ready.examples. 
Digital regenerators are manufactured for use in telephene plant.and require modification for 
use in cabie plant; initially, this customization might raise the cost.to.as. much as $500 apiece. 


3. 3.2.3 Operation and maintenance 


Service and maintenance costs for new cable systems will be saniicait relative to total 
system cost. This is due to the increasing size of. the. systems,,..and, the, sophistication of 
services being offered. Warner. Amex estimated the following plant.majntenance expenses for 
their proposed, Milwaukee system: 

- Salaries?’ One ptant technician for every 2,400 subscrivers; Six preventive 


maintenance tecknicians per every 1,000 plant miles. Total = $220,000 for the 
first yea’ 


- Converter Maintenance: $4.15 per converter {this number should .significantly 

_increase with increased sophistication of the interface units utilized). Warner 
Amex estimates that they rece an n average of 5 trouble’ ‘alts Der ont, per 
100:subscribers.  - 


- Pole and Conduit Rental: $160 per mile ($1 60 per sibecriber) annually, and 
$2,000 per mile ($20.60-per subscriber) annually, 


Software and service costs associated with offering videotex and other Hansaction services 
are largely unknown. 


3.3.3 Two-way Institutional System Costs 


The total instatlation® cost of an institutional system is comparable to that of a residential 
system. Higher ‘per-mile cable installation chargés” are offset oy the ‘typically: ‘alec! 
aeearapnical coverage of the institutional network. 


8the particular numbers cited in this and other franchise proposals: often reflect demands made by the oe 
cable authority. ists 


0 etrofitting is not relevant since most existing institutional systems were recenty beitt. 


Institutionat network headends are ordinarily lower ifcost than reeidential headende because 
the system coats for the high speed communications sefvices-are off'loaded: éhto the CPE. 
Residential transaction and information’ services’ require thet more control and software 
complexity reside in the headend. Inetitutidial network headénes are not equipped with 
antenna’‘for over-the-air reception but may be ‘equipped with a satetiite dieh for oonriection to 
long-haul facilities. importantly; the lastictty’ of demand for data vOrimunication services in 
the institutional market is much tower thar’ in the ‘réaidential ‘mayket. Therefore. higher 
interface unit costs for higher speed services are tolerated. 


The services and equipment costs offered on institutional networks most closely resemble 
those offered on private LACN networks. “But, LACN Héddends”are significantly’ tess 
expensive than institutional, Cable ‘teléviston, network hedderids: LACN headénds act strictly 
as frequency translators, and do not Have the facilities for tecepiGe’ of overthe alr signats. in 
addition, most LACN’s do not implement information and trarisacWGrt sétvices at tie headend. 
Therefore, thay.do not require a headend minicom@puter and seltwaseobthe same complexity 
and size.. Amdax inc. offers a single Chiinnet'DA-TOMA systeit, Cablenet, withi'0.086 Mbps 
user data rate and 14 Mbps aggregate data rate over two channels (1 bits/hz). ‘The headend 
is specified to sete up td 4,000 user letatens® ahd: costs $0750 ($2.18 ‘pet user 
location) [37]. Interface units, each, with four ports, coat $4 ) 0. apiece. In. urban systems, the 
cost of the headend is likely to be increased, so as to offload the price fromthe subscribers as 
much as is possible. Sytek's LocalNet40 i isa multiple channel, contention LACN which runs at 
2 Mbps (0.33 bits/hz) over,3. mile distanone: tie ¢ uRaT dataxateisi§ Mbps. ‘Sytek’s:LocaiNet20 
accommodates over 109 128 ‘Kbps contention | channels o aver 10, mile distances; the user data- 
rate is 0.019 Mbps [14]. The headend is specified to serve up to 100, 000 users and costs 


$3500 [50]. 


Digital Communication Corporation (DCC) offers GAPAG, a. DA-TRMA system which provides 
user channels, from. , 1200, bps (9,0012 Mbps) up. 19 1.544, Mbps ( (0. 257 ‘bits/hz) 0 on a demand 
assignment basis. _ User node costs 2afe.on the. order. of. $8,000; a central node for an 
institutional cable system costs between $50,000 Q.and 75,900.. Thege. relatively high prices 
reflect the higher data rate offered, as well as DCC’ S position as the sole current supplier of 
equipment with these specifications. Table 3-2 gives estimates of broadband LACN system 


teach user location on the network accommedetes up to four devices. 
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Table 3-2:'Breadband-tocahanaa Netwark: vendor prices 


Lope Sytek®** Wang 


Poh TY A vas eOR 
2 Port: 4,600 ate 

4. Port... . 3,900. 2,400, 3,800 
16 Port. — ' eq. < ‘ A200, : 
Headend’ = 9600 8 “2,000 


cost7/noda®’ © =" Wee at 208 oS * gg 
User data vale. 56 kbps eae N/A, AR. 2. ops. Ya NAA... 


a4 


costs for intra-plant networks, as opposed to ine shotworka®?. 


To summarize our discussion of systent casts we present below approximations of systém- 

comperent costs far, three. residential cable systems af increasing sophistication (see Table. 3 

2). The resideritial systems ard ‘absymed to serve 50,000 subscribefs, “100 Subsdribers per 

mile; with approximately 20% t:25% penetration ob ethanced services. “The institutional 
system is assumed to have 500, pose ribers®™, 4 a 


ure Sag? Pag hats 
The following table (see Table 3-3) contains rough estithates-of the typical cost-per subscriber 


for cable-network facilities (capital ¢qsts) and system operation (egerating costs). 


64 calculated for a 1,000-station system. 
62 Roberts, L., Karp, P. ibid. 


Seecause there is only one inafitutinnal system in operation this number is. notreprasentative of any (8. average. 


- Fable 3-6: Cost'profiles of:foursystems = 


Components Twos way ready dacnée Amex Cox Institutional | 
Headend $160,000 $1,100,009... $2,800,000 $100,000 
$3/sub ‘$22/sub0 $56/sub $2007sub 
cree $75/sub $100/sub. = $260 //sub®” $600-$4000/sub 
Cable $7,500 to $100:000 per mile installed; $7.60 to $100 


per subscriber, Actual cost mei Fd amount of pole. 
and underground duct space availablé. ‘$783 per mils of 
cable retrofitted from one-way to two-way; $7. 83. per 
subscriber, ~ : 


Table 3-4: Typical coat per subscriber (assume: 50,000 aera, 7 


Basic headend : $3 ere 2 Headers maintenance $0.06 
Satellite receiver  §. _ $2 .. ~Gsblameinenance $10. 
Extra for interactive ‘$50 rogram material $50 
Studio equipment « $20. , JRheni waOmateriatl:  . §60-.: 
Customer equipment $80 ey cotuale $10 
Extra for interactive $40 Oo Pales papaat i $20 
Installation $40 

Cable plant. $360-$700,--0 ge ce oo atrie: 

Total ~$600S1020 = Peta mr $140 


3.4 Prices 


It is difficult to know what the tariff structures of two-way data services are likely to be. This 
brief discussion attempts to identify possibilities. Currently prices reflect the local monopoly 
status of the cable operator, or prices of the closest competitor, the telephone company. 
Cable operators do not maximize total revenue minus total cost (T' R-TC). Rather, because 


$6 customer premises equipment. 


. 87 This estimate assumes jarge:production volumes which-are not yet in production. 


currently there are excess channels, the:value assigned. te a ‘channel is zero, and the cable 
operator maximizes total revenue minus marginal costs (TR- sa This assumes mt there are 


no opportunity costs in using a channel. 


Current residential cable tariffs only reflect the charges to subscribers. Charges for 
interactive services follow a similar pricing structure: "flat rate plus a per usage “charge. 
Warner Amex proposed a $29.95 installation’ ¢harge ahd a $4.05’ monthly fee, for its 72 
channel basic service. The so-called municipal service: is $45.00 ingtallatign charge, and:no 
monthly fee. This service offers 12 channels of community programs, and access to home 
security (at an additional cost). The Warner Amex Qube service includes 14 channels of 
teletext, games, polled interactive services, etc.. There is a $19.95 ‘installation charge, with a 
$4.95 monthly fee (note, there is no‘usage charge). Cox Cable's Indax-proposed service tariffs 
in New.Orleans are $15 installation plus $7.95 per month for Tier | and Tier Il service, and $98- 
200 installation plus.$15-$19 per manth for security, mention systems. . 


The only existing brecedent for institutional tariffs are ‘those charged by Manhattan cable 
(MCTV), see Table 3-4. These tariffs were set primarily so as to be competitive with telephone: 
leased line rates while maximizing revenues. It is likely that institutional service will continue 
to,be priced in this manner,,since the threat of entry, of an alternative institutional service, due 
to high prices is minimal®® installation. charges arg $150 to. $200 per end, depending upon 
the data rate, The.Cox tariff is praposed for the New. Orleans Institutional cable, Institutional 
interface units are in the $1000 range. 


In addition to ‘sibecriber tariffs, future two- way services wil include tariffs charged to other 
service providers. ‘The only analogous service on video systems is leased access, in which 
the cable operator leases a video channel to another programmer. - Typically leased access 
would be charged to » commercial parties, : In.addition, tie tor mh onned access refer red oni 
to. downstream transmission. There is little precedent on which tq base-estimates of the tariffs 
that would be charged to servers, by the cable operator, for a “communication service". 


Bij is possible that with the introduction of DTS services this situation will ee: and institutional service rates 
will be forced closer to marginal cost. 


S8CTV, Manhattan Cable Communication System, Monthly Leese Rates, June 1, 1880.” 
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Bit rate’? Cox Cable 

1200 bps $37/month $146/month 

2400 bps «-$66/month —-$160/month 7 . : 
4800 bps $119/month $200/moath?? JB a BS 
9600 bps $230/month ~~ $300/month - 

19.2 kbps $600/month $420/month (synch) 

66 kbps $1000/month $475 /month (synch) a 

1.54 Mbps. .$1000/month | $1000/month (synch) © 


Tabie.3-5: MCTV monthly lease rates, June 1980... - 


MCTV 


Service’ structures in which the heatiend is the’ ‘orily ‘server would ‘tot’ entail a 
“communications” chargé to’ other ‘parties. Instead; ‘arrangéments Betweer information 
service providers, such as banks, CompuServe, 0 or Lexis, would initially me Lacrmpnpiese on a 
case byc case basis. 


t 


Eventually, both servers and subscribers, are likely to be charged ‘ona usage sensitive basis, 
Only in the case of dedicated channels, Or extremely light Usage wit tat rates remain In tisé. 
This need for usage sensitive pricing iS due tothe increasing | hharginat’ Gost Of riost systems, 
i.e. performance degrades with heavy usage.’ The 'rédsar that itwill hot occur immediately; ts 
that until the communications facilities are minimally load@d:‘marpinal’cost is hot increasing, 
and therefore the cost of monitoring usage is not justified. gon ‘TDMA and contention 
schemes i in particular can sutfer from abusive overuse of of the flat rate services because ot the 
degradation i in service that is experienced with severe overloading. 


Cable network fees are likely to be Insensitive to miléage® since ‘all Communications’ 8 focal. 
Communications which travel off of thé cable rietwork Will Be charyed according to: 
of the communication facies o over cig lla Le., a eh pealeisbediennabiieal ea 


eta ys 


the user. 


Obit rate per 6 Mhz channel. 


7 This compares to @ cost 9f.$400/month. including interface unit rentel fer a leseed voloe rade line. 


Many institutions are strongly adverse, dp-having ATAL pate structures remain as the model for 
communications pricing. In fact an alternative to AT&T icing methods could be the primary 
attraction of business users to cable sage, peyore ee, availablity -¢ of higher speed and 
quality services. “Other iechnalooies with which cable will be competing will face the same 
challenge. Major users in New York face a Zoelick increaae in their copmnunications costs over 
the next year. ‘Users are anxidus to protect ther h 8 froth’ ‘thebeats inéreases. 


3.5 a ak 
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servers. The costs incurred, abdve and beyond’ ‘the Cosis “associated ‘with traditional 
networks, are concentrated in the ‘headend, interface “équiphent, ridirténance, and where 
necessary cable plant upgrade and noise correction measures. ‘Ha ‘ Séphistication of the 
services provided will most significantly affect the cost of the interface equipment. Prices of 
existing services bear little relation to costs. Charges for institutional services for the most 
part reflect the prices charged for competing services: éHdfet!t the: telephanié: company. 
Residential charges, for those services that are in operation, are tier- Structured. Rate- levels 


are difficult to predict, pending | more data on demand ¢ elasticities. 


TARO ES, 


_ We have presented our analysis’ of cable iis a data Seen nee ae 
complications and remedies.; :We have: also: discussed .the: implementation. decisions 
associated with higher level communication protocols, it particutar abcess, schemes. In the 
next chapter we compare the anticipated performance. gt abe: television systome with 
services proposed by the phone company and other special carriers for the 1982 to 1965 
timeframe. _ 
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 Chapter'Four rece. 
‘Alternative © media il sptone iseatfoop 
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ervices 


In this chapter we describe two alternative transmission media for resideatia? and institutional 
regional data communications:..the jplenhone legal lage and Pigity!, Termination Service 
(DTS). We find that these megia will compete with two-way cable television | for the residential 
and institutional data commynication markets, but — television, ieee is superior 
to both the telephone plant and DTS in many respec 


4.1 Telephone.iogalloap — 


nba 


reali fe ie Hones ‘ 
way (full-duplex) communications, or ‘4800 bps DS. hal ifdupien, it's. er engineered and tariffed for 
voice traffic. Several charaptaristicg pl the PSTN. make nat wall suited lardata traffig: 


- Analog transmission requites: peswerstas: of digital data .abgreats. : ia tovedton ae 


historically .. apie 2 ho co Op . 
frequencies, a Rrcontolles Ohecs sl ae i Sorbleaan te cofversion “and 


en eens Ree HADI SCONE 


Ge worn 
: The Maticics of data differ with those ‘of voice. ‘The one reonnention times 
experienced between terminals and computers, are disruptive to the operation of 
telephone company switches which are configured with a suitable number of 
trunks for a 3 minute average connection time (holding time). On the other hand, 
for computer-to-computer connections over which only seconds worth of data 
need be sent, the call set-up time and minimum 3 minute charge is too long and 
the call set-up components in the switch are over-used. 


- The dedicated circuit provided for the course of a connection is inefficient for 
data traffic which tends to be in high intensity bursts. During transmission of a 
burst, the data source and sink can generate and receive data at a much greater 
rate than the bandwidth of the twisted pair. Between bursts, the line is idle. 
Smoothing the traffic by buffering the data is acceptable for some applications; 
for others, the delay incurred by buffering makes the application inefficient. 


w 


The use of voice facilities for data'tratfic leads to high access.cost and contention with normal 
voice service, in addition to. suboptimaltransmission characteristics. The telephone company 
or the user experiences excessive:tine termination, modem, and port: costs: 


Modems are used to transmit digital signals over analog voice lines. Modems can transmit up 
to 9600 bps over conditioned leased telephone lines. 4800 bps can be achieved over 
unconditioned lines. Modems can be leased from the telephone company or purchased by the 
subscriber independently (so long as they are FCC approved). 


AT&T's Digital Data Service (DDS) eliminates the need for modems by supplying digital links, 
at speeds up to 56 Kbps, directly to the subscriber. In addition, line error rates are superior to 
those of most voice-grade lines. The service is offered in a limiteé-number of cities, at 
relatively high monthly rates. The monthly rate for a 2.4 Kbps DDS tine, within a city center, is 
approximately $250, while a standard, analog, leased fine, within a city center, is only $100 per 
month. Monthly rates for 56 Kbps DDS lines are in the $650. to $700-range. 


The advantages of end-to-end digital transmission services for data communications are 
clear; but, the majority of telephone network : traffic is voice. Using existing digitizing 
technology, the transmission of digitized | voice. requires more bandwidth than does 
transmission of analog voice. Nevertheless, the cost of the components used in digital 
switches is dropping. so rapidly. relative to. the cost. of analog switch. camponents that the 
overall economics makes it increasingly worthwhile to use digital transmission for voice 


26 yoepen 


services too; this contributes to the trend towards an all digital network. 


The largest remaining bottleneck in end-to-end digitat Servicéis the-local toop. The following 
section will describe two communications technologies; whith Nave: been described ty’ the 
telephone company in the technical-literature, tor digital tarsmission over the existing local 
loop facilities. In addition to the technical details; we hope 'to identify the cost; maintenance, 
and implementation difficulties which will impact the attractiveness: ‘Of these services: relative 
to cable television based services. , : 


4.1.1.Circuit-Switched, Digital Capability 


Circuit-switched, digital capability (CSDC) refers to a 56 Kbps, alternate voice/data circuit- 
switched capability (see Figure 4-0). {2}. ‘Customers. will, dial acall usipg. ordinary: touch tone 
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facilities. When the call is set.up.they will be able to signal :tha switch to allow transmission of 
56 Kbps digital data. They will be able to switch back and:forth between ne analog 
voice and transmitting: digitat data at any time during the cali - ae 


© Existing Switches 
. @ Bigaderd 2-Wire Loop 
@ Alternate Analog/Digit>: 


Network Access 
r’ Interface 


Network Access Interface 
BGNd/s 
4 Wires Digital (Date) 
2 Wiese Anaiag{Voire) 
2 Wires Mode Control 


Figure 4-1; Circutt Sotdied nel canes: {N: Long, Bell 
. Laoratoripa?#), 


A new transmission technology, time compression ee (TCM) [2], allows full duplex 
56 Kbps digital. tranemission. using the existing two-wira subscriber loops.. Switching is 
achieved via minimally. modified telephone company local. switches and unmoditied toll 
switches”’. The expected marketJer thie sapability s-institutignal users for applications such 
as high speed facsimile, bulk data. transtera,..and. other; computer to, computer 
communications. The CSDC architecture is-very eimitar.to that of exieting-voice service 
facilities, therefore few difficulties are foreseen in its development-and maintanance. 


72 This figure was provided by N. Long of Bell Laboratories ‘at-« seminar enitied New technoligy end the local 
loop; ne rr eee eee ree M.AT., Demag Ka inane ge amas et 
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4.1.1.1 Costs 


One circuit termination line card is required, per subscriber, at the subscriber loop interface 
to the local switch, in addition to the circuit termination card at each customer's premises. 
Each line card is estimated to initially cost $600, or $1200 per line connection”*. This cost 
estimate is based on high volumes of production, i.e., Suantities must be : suit cient to justify 
production of a TCM chip: "2 ne 


The alternate voice/data channel unit is shared Fen multiple. subscribers and i is only in use 
during a data mode call. An average unit serving 10 subsqubers, 8 estimated to cost $1000, 


dinbss me ey 


yielding a relatively small cost. per subscriber, $100. 


The cost of the software module, which will be ‘amortized, ‘should be in the range of $10,000. 


This cost will be divided over the number of subscribers psig the switch” 


The services will be offered by the local operating conipanies*Equat access. rules that apply 
to standard telephone service will largely be applied,to,CSDC,.ie., interfaces to the local 
telephone companies’ facilities will have to be mace ee and Becommodate other long haul 


yet CupEE AD eo ak igs ete Coe ees ites 


Carriers. 


4.1.2 Data Above Voice (DAY) -- Local Area Data Transport (1,ADT) services 

Local area data transport services are intended to provide residence and business customers 
with network interfaces through which they can aocess ‘a packet switched network, primarily 
for communication with vendor data bases (se6 Figure 4:1): “Applications include tiome or 
business, interactive, information systems; siraell and i eters management systbms. 


Here wy 

The service is designed to provide moderate speed (4.2 es eee communications 
to "bursty" users in the home and emaéit busitiessas; ‘ in acidition, the: data capability is 
designed so as not to contend with: traditional voice-services ‘for the use of transmission 


74 Estimates are based on conversations with Dr. E. Claire of Harris Corporation and Roland Zalite of Bell- Northem 
Research, February, 1962. J: McDonald of MBX inc., formerty of TRW-VIDAR, estimates that both the network-arcuit 
termination equipment and the incoming line card to the switch should be as low as $300 each. 


751 in not clear exactly how the local telephone company will purchase the aottware; $10,000 per switch, or 
$10,000 for one version of the software which would then be copied tbtsass on-other: lecatawitnhes. 
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Figur re 4-2: Leéel aes Data Transport Capeuany N. i aries Bell 
Laboratories’”® ). 
facilities between the subscriber and the central exchange. Packet seers data transport 
facilities are most appropriate for these classed of lisersahd ae : te 
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The user will access LADT vig. athe 2 same wire, 2. ei Rf. wie taleppone service. Data 
circuit equipment. on. the.customer's. premises .and. ling. interface, rards, at the central 


exchange will put the. digital data signals in the frequangy. sopeirum.qbove, the analog voice 
signals, a technology referred to as Data Above Voice (DA v7, Using this technique, the data 


circuits wilt not contend with. voice! telephone usage: (as slees| CSDO), tut wilt operate 
simultaneously over the same twisted pair: ‘Fhe interface unit wit have a data input port whiol 


will Conform: to Intemational data communication standards”: . bE} A ge” RU Tad: 
77 ong, N., ibid. ; a —_ 


78ccrrt communieation stardard:X.25, level 4. 
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The voice and data will be separated (fitered):and the: voice.will be passed on to the. local 
Switch, | At the-entrance to: the local: switch; the data:signals will be connected to a port of a 
statistical muttipiexor.’ Ail data:signals will:be concentrated -and:sent to a packet switch via 56 
Kbps lines. 


infrequent users of LADT services may prefer to use a standard modem to make a data call, 
rather than pay the extra charges for DAV transmission capability. Subscriber access for the 
occasional user would be provided via a standard modem and the dial up network. When 
used in this. manner , use: of the facitities for data would prectude yoice:communications. 


Unlike, CSDC, the packet architecture of DAV services offers-new challenges to the phone 
company”. In addition the residential information and data market is bit yet developed. 
Therefore, near term offerings of these services are likely to be experimental. 


roar vy onze 


4.1.2.1 Costs 


The data circuit equipment on the customer's. Premises and the. entrance unit hardware 
required in the central office will cost between $200 and $400, installed™. If volumes are large 
enough to warrant the use of custom LSI, these costs would “drop ‘significantly®", The 
statistical multiplexor will | present somewhat of a barrier in tha : isa a high | fixed cost item. To 
justity it, there must be a critical mass of subscriberg;to, LADT. ‘based services in the same 
local area. Nevertheless, it should result in a fairly inexpensive oa user cost. 


Finally, the local operating company must install a packet switch to provide data switching for 
interfacing to multiple hosts and long haul networks. This installation represents. a larger 
departure for the local telephone operating company, | in terms. of technology and fixed cost 
than does espe. Thus, LADT services will be introduced more slowly and in few cities ata 
time. 


78 atthough other telephone-switch vendors already offer DAV capability (e.g., ROLM, BNR, etc.), these services 
have not been offered on a city-wide scale. 
137 
Oceiscor Division markets an integrated Data Voice Carrier (IDVC) system onaae sitniles cnpaniitioy: at sooe™ 
up to 9.6 ips, over 3.6! mile runs; for’ $534. New York TFetephone is: current:eveiuaiting this product... ae 


STEatimate are bensd on conversations wih Dr. E: lahat Here Corporation end Poland Zeit of Bak. Northor 
Research, April 1982. : 


All facilities, including the packet switch. will ‘be :owned:by: the local. telephone. company. 
Therefore, equal tocal facility ecoess. and:interconnection will: be-providert 4a: all tong: haul 
carriers and packet network:services via:.a etandardinetwork to-network intertgce: AT&T hae 
already introduced proposals to the CCITT for new standards to govern DAV. 


4.2DTS 


In 1981 the FCC approved a petition by the: Xerox. Corponsiiien toiallocate apectrum in the:t0 
Ghz band (10.55 - 10.68 Ghz) for a high speed, local, data communication service called 
Digital Termination Servicé (DTS)™. ‘tn the ehsding fear; Many spectalizéd carriers “have 
submitted requests for licerised™ . DTS uses a tiked Gailblur radii 'teetinigue whereby Geers 
communicate with one of More loéal hades which th Ginn GBinmunidate With longidul 
facilities. One or more nodal stations communicate with multiple user stations within a radius 
of up to 4 miles. 


The user experiences data rates up to 1. 544 Mbps. TOM is used to transmit from the nodal 
stations to the user stations, white users transmit back to ‘nodal stations on a TDMA or TOMA- 
DA basis. Within 4.5 Mhz ‘of bandwidth an ‘aggregate data Tate of 5.4 Mops is achieved a 2 
bits/hz). The cost df a ‘pts system is currently Quoted at t $11, 00 per user station and 
$117,000 per 120° central node sector™, 


4.3 Comparison 


Institutional cable networks wil compete for the commercial data communications market 
with existing telephone services (DDS and leased lines), “future telephone services (cspc), 
and specialized carriers (DTS). Time will prove to be a determining factor in determining 
which of these services dominates any particular market. 


82 yerox originally called the service XTEN. 
Aso casa me oom easuiinee corriore thes aiteract to provide £17@) Nero Jolt the eld to-there. 
” Digital Coromuricaione Corporation of Gaithersburg: Matyiand ls one a:twe supper of DFE equioment. STE: 
Telenet estimates that installed costs are approximately $113,000 and $400,000, reapectively. 
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At rates up to 56 Kbps, CSDC is an attractive. alternative-to institutional cable service. But, 
there is no reason to believe that market demand will stop at 56 Kbps. In those cities with 
moderate amounts of traffic, CSDC. will be adequate. But, ss soge cities with large demands, 
or with installed institutional networks, cable services Se find | their place for rates greater 
than 56 Kbps. The competitive dynamic between cable and telephone services will be largely 
affected by the tariff structure of the telephone company. At the same time, the existence of a 


competing medium will force the telephone company's rates down. 


eihrey. 


DTS has the advantage of low construction costs. relative. 40. institutional, cable; but, if the 
institutional cable is already installed, this advantage Sisappears.. AS. was exemplified in the 
LDD-Tymnet-SBS. experiment, (see Section A.1,2.2), cable and prs ,gomplement each other. 
Therefore, in those cities that. have institutional gable ne tworks,. the, advantage. of DTS is 
unclear, unless it is used to complement the cable facies, lp those. cities that. do. not have 
institutional networks, DTS is attractive on a cost. basis. It will be many years, before DTS 
equipment drops in cost low enough to be of interest in the residential market. 


LADT is a very attractive alternative for the residential market. The total cost of upgrading the 
telephone local loop for DAV service. is estimated to be Sorentat ess than that of upgrading 
a two-way ready cable system for comparable services™ - For. services less, than 8 Kbps, the 
ubiquitousness of telephone facilities gives these. services. a tremendous advantage. in 
addition, the’ star configuration of the telephone network olfers secutity: and fraud advantages 
over a shared channel cable architecture, se" ‘Section 2. 3. 3: 2. ‘On the other hand, there is no 
telling how tong it-will, take for shese services +o became, widely. available; and. when, they do 
become available, whether the peak data rate offered will be’ ad@duate: In te mean time, the 
development and availability of cable services could consume all of this apparent advantage. 
As in the institutional market, all three media, as well as others, will be a part of the 
communications backbone. “The characteristics = the particular community and | companies 
involved will determine the outcome. 


Having presented and analyzed the technical characteéfistics ‘of cadfe-television networks as a 
data communications medium, in the following chapter we briéfly ré@éw this information from 
the perspective of cable operators. 


5c,owden, Personal telephone communications, February, 1982. 
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Chapter Five 


Regulatory Issues 


5.1 Introduction 


The offering of data communication services by cable operators poses particularly interesting 
questions as to the proper regulatory structure ‘for corimunication industries that both 
operate the communication ‘conduit and sell services over it, whether pay television, videotex, 

or electronic mail. In this chapter we outline the policy context ‘of data communications via 
cable and propose how the regulatory framework of cable en meant be most — 
adapted to data communication applications. , 


Cable television networks offer peak communication data rates that are orders of magnitude 
greater than the telephone company’s narrowband local loop. The "local loop", i.e. Intracity 
communication facilities, is an important but weak fink‘ in the ‘U.S. telecommunications 
network, as Charter et. al. note [18]. 


The availability of diverse communications services can provide powerful 
leverage for greatly enhancing the nation's information-based economy.- The. weak 
link now in providing, advanced communications services, 10. business and the 
public is at the local distribution level. The diversity of services: possible through 
locat distribution is being inhibitéd by traditional views on tocal distribution and 
prevailing regulatory policies. 7 


The use of cable television networks tor data communications involves a technology and an 
industry, both of which already exist, but for wholly different applications. Cable has been 
used principally for home entertainment television signal transmission. But, given proper 
system design, it is equally appropriate for transmitting and receiving data to and from 
residences and businesags. Data over cable. poses fundamental and compelling policy 
questions. Such questions include: 


- ls cable operation a broadcast or common carriage function? ts it both?: ~ 


- Under which jurisdiction should cable fall -- local, state, federal? 


- Should the operator of the network facilities: have full control over the services 
provided over the network? 


Cable is currentiy categorized as a broadcast service and is only minimally. regulated by the 
federal government. Operators are granted franchises, and given lg¢al monopolies by local 
read gale which last typically fifteen years. In contrast. telephone and most other 

5..common. carriers by. both state. and federal 


governments. Common carrier regulation traditionally, implies rate , of return regulation and 
two fundamental behavioral stipulations: 


1. merices are made available to everyone ona non- See, basis, and 


2. No control i is exercised over the content of the commynications. 


The dichotomy set up in the Communications Act of 1934 treats ‘common carriers and 
broadcasters quite differently. Broadcasters are ‘given control ‘both over their transmitters 


fen 


and the programs, ‘or content, of ‘their broadcasts. ‘Indeed ‘they ‘are held accountable for the 
content through such means as the Fairness Doctrine and community service rules. In 
contrast ‘the common carrier controls ‘only the ‘conduit, ‘or ‘transmission media, ‘over which 
communication Signals are carried, and is specifically prohibited from exerting any control 
over the content of those signals. The 1934 act ‘granted the Federal ' ‘Communications 
Commission (FCC) jurisdiction over both sectors, with a separate Set. of provisions for each. 
In addition, the act stated that services regulated under, one set Pf pravisions could not be 
subject to the other set as well. Until recently it was not. difficult to. determine which 
communication services belonged under which category. Today, just as the dichatamy 
between _computing and communications. . has. ‘blurred. as 8 _Tesult of technological 
developments, so has the demarcation between, gertain commen, carrier and broadcast 
technologies. Home and business information Services. are proposed which will deliver text 
and data via broadcast media which are traditionally used for entertainment video television. 
At the same time, broadcast two-way television services use data communications fer suas 
subscribers. 


5.2 Regulatory Jurisdiction | 


§.2.1 Background 


In the 1969 Southwestern deciston™ the FCC's rote in cable teguiation was defined to include 
jurisdiction over all'services Which were “anélitary to ‘broadcasting. The Sole function of 
cable operators at that time was to rebtoadcastover the air télevision signals ‘And’ the 
Communications Act of 1994 Hid Granted ‘the FG litistetion over al Broadéastiig®” = 


ee ce? 


The FCC's 1972 Cable Television Repart and Orger™. set. forth. ‘gical gonstraints on. cable. 
In addition to channel capacity requirements, the order included a two- “way capacity 
requirement for all systéing ‘Serving Major markets. ‘The requitement: ‘stated ‘that ‘each plant 
should have the “technical capacity for. non- “voice return. communications” ut, did not 
require that the services be = active. Although the FOC recognized that active tv two- “way 3 services 
were premature, the rationale behind such a regulation was to limit, the costs for adding two- 
way capabilities i in the future. ‘in June of 1972 the Fce modified # this regulation by restricting 
local franchise boards from requiring, more stringent two- “way requirements®, The FCC was 
afraid that some requirements imposed, by local bodies would be beyond the state- ‘of the- -art, 
and would prove prohibitive to the cable OPSFAIOFS. 


wT ey os ma am 


In 1975 the FCC opened an investigation into the ‘Viability of maintaining tha two-way 
regulations™ . The cable industry was as age? to ‘Have’ the requitement removed. Because the 
market still showed no signs of produding revenues for the Operators the extra cost of 
instatting two-way systems was viewed ‘as overly ‘burdensome’. The industry claimed that the 
éxtra cost was anywhere from 10 to 140 percent higher for two: Way capacity ‘ystenis thiat also 
satisfied the new channel capacity requiremédits. “But the FCC maiitained its position that the 
very high cost of rebuilding a 6néWwaiy system Warranted the retétively small additfonal cost 


Ce eae! 


United States v. Southwestern Cable Co., 302 US 157, 1968. 


g 


1834 Communications Act, Section ll. 
Cable Television Report and Order, 36 FCC 2d 143, 2 February 1972. 


Reconsideration of Cable Television Report and Order, 36 FCC 2d 328, 16 June 1972. 
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Notice of Proposed Rule Making in Docket 20506, 53 FCC 2d 782, 784, 3 June, 1975. 
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incurred in building with two-way capability from the start: The FOC did: limit the requirement 
to only those systems with. 3500 or. more subsoribers;“e0 as not to butdén‘ smaller, less 
‘profitable systems. OY ey ee 


The Jurisdiction of the FCC was Suipenied: inser: the N.AR.ULC. aacsion . which 
concluded that two-way cable communications which were non-ypice were not. "ancillary to 
broadcasting", and therefore did not fall. within the jucisdiclion: of FCC, regulation of cable 


television established in Southwestern. In addition, they were withia the intrastate restrictions 
of the Communications Act of 1934. 


In 1978 the courts acted to severely limit the FCC's jurisdiction over cable by overruling the 
agency's authority to establish local access.requirements"”, The. bag-way requirements were 
also struck down. The basis for the decision was that these requirements burdened the cable 
operator with common carriage responsibilities. The cagmmunications act explicitly.states that 
if a media is regulated as a broadcaster, that it must be exempted from common carrier 
regulation. Therefore, so long as the FCC chose to. regulate cable “ancillary to. broadcasting" 
(as stated in Southwestern) the FCC could not enforce the: bommon'carriige requirements. 
By this time, however, {wo- way capability had. become a crucial element in the franchising 
process. ; 


5.2.2 State and local regulation and federal preemption 


The Congress and the FCC currently advocate increased deregulation of cable at the federal 
level. This leaves the states and municipalities to apply regulation as they see fit. In the past 
this responsitiility résted with the’ mutlicipttranctitgitiy bodies. Bet; as the ‘iitiuence of the 
federal government recedes, the state legislatures and public utility commissions (PUCs) are 
playing a larger role. So long ae 'the' cable: systems romain: intrastate; the emphasis on local 
and state regulation is in accord with jurisdictional precedent. 0.5... 


One foreseeable probiem with State regulation of cable is the documented tendency of State 


91 Vational Association of Regulatory Utility Commissioners (NARUC) v FCC, 36 od 2d 383, ni iain District 
Court, 1976. 


82 widwest Video Corp. v. FCC, ACLU v. FCC, US Court of Appeals for the Eighth Circuit, 21 February, 1978 
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governments to protect existing industries; in this case the local telephone company [42]. 
This could bias the state PUCs towarde enforcing strict common carrier regulation for data 
over cable as a means of protecting the telephone company. But, should the state PUCs take 
action that is undesirable to the cable operators, the operators could respond by running their 
systems across state lines and thereby forcing themselves beyond state jurisdiction; assuming 
that the operators gain rights of way from neighboring states. Similarly, the FCC or Corigress 
‘might react to seemingly unfavorable state regulation by preémpting state jurisdiction if It can 
show that proposed state policy would disfipt nationat ‘poficies, i.e., inconsistent state 
regulations could prove a barrier to standardized nation-wide service, just as local regulations 
could prove a barrier to coordination of state-wide regulation. 


The 1976 report of the Subcommittee on Communications of the Committee on Interstate and 
Foreign Commerce of the U.S. House of Representatives recommended that State regulation 
should be relied upon more ne with simuftaneous dicoagiie, of local and ‘Federal 
powers [19]: , 


The federal regulatory role should be‘confined to those aspects 
requiring. national delineation of standards. Such areas skould.be 
defined, and where federal preemption is called forto avoid 
interference with federal objectives, thé logic of preamption should 
be explicitly stated. 


In their work on electronic publishing, Neustadt et. al. [47] Eepcee three criteria for ueaing 
federal jurisdiction: 
1. Is it ancillary to Sreeceerns! 


ab 


2. Does it fall under the common carriage. section, section 2, of the communications 
act? 


3. Would non-federal regulation disrupt legitimate federal policy? 


There are three areas in which the federal government might then preempt local and/or state 
regulation: 


1. Content regulation. 
2. Intrastate information services, i.e., data base access. 


3. Intrastate transmission. 


Preemption of content .regutation provisions are. likely on. the basis -of resulting First 
“amendment. infringement... Similarty;: under ‘Brooktrason™ ;: reguiatior: of ‘intrastate: rates for 
information services might'be preempted to promot siiversity of contert-sources: ; HAG 


tae 


The most difficult case is that of intrastate transmission, ‘Federal iaoeraen was explicitly 
struck down in NARUC |I™* because tog. litte evidence was. put fenward to. show. that.local 
regulation would hinder legitimate national policy, The 1978. subcormmittee report [19] stated 
that preemption of cable transmission regylation would be equivalent t Ja. the. preemption. of 
Jocal telephone regulation and thexptorg. it was POL AROTBRTIAN. Ae. POM araHE, thatthe 
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services over their local siege facilities and therstore. i lederal reculeion fi a assure es Soro agine 
of separations or leased access on cable facilities is appropriate (See Section 5.3.5). In 
‘addition; use-of cable for data communications increases: the possibility that national: policy 
will:be disrupted: if no-federal:coordination ts: allowed for: : in dight ‘of the proposed ‘consent 
‘decree between AT&T. and:the Depastment of Justice, the iesuic: of -actess tees.and the 
relative competitiveness of local operating.companiesis:ofineveased importance”. - 


5.2.3 The Local Franchising Process 


Cable operators apply to local governments for city franchises. A board or committee of the 
local government detines a set of criteria to be met by all applicants. These criteria are 
minimally determined by federal ‘regulations, e.g. NS tee wan ‘ready’ capabilities, maximum 
franchise fees that can be required of the cable operator by the city, etc. The franchising 
process has become highly competitive, and requires significant resources om the part of the 
cable operators, particularly.in the larger, cities. which promise large, markets”. Competition 
has led prospective franchises increasingly to promise two-way.gerviegs in.an effort to win the 
tr anchise. SRE 


35, oakheven Cable Tolevision.ine. v. Kelby, 543. F. ii Tagan bac nROY sehen in oesamet ds order .to 
promote diversity through Revslonenet of national pay television eahiaent™ . 
pap tye orp rie woitip Bt Ht ouos : : u ; ; 
Doral Association of Regulatory Utilty Commissioners (NARUC) « v FCC, K) RR on 4 303, us Appeals District 
Court, 1976. , 


* Janiary 8, 1082, consent decree snnounced by Rietice Grew” 


Mn nba stat thee fatibn ‘of the cable indu 
dominarit Multiple System Operators, 1.8. firms which operite ‘malfipla clible Systems thr 


After applications are submitted, they are reviewed: bya committee of the local government. 
In the past, community groups: have:.attempted te oversee the process.to insure adequate 
community input. . Nevertheless, the-eelection process is. often ibaged on: favoritism of city 
officials which results in non-optimal decisions for both the community and the operator. The 
technology of cable services has become more sophisticated andl es & resutt it is even more 
difficult for the local governmenits to ‘buth define feafistic franchise requirements and to make 
intelligent and ihforméd ‘decisions. The invalvément of ‘the loéat Commercial sector in’ the 
franchisé detinition and selection process could tend sonie technical expertise necessary. On 
the other hand; there aré potential conflicts of interest that might arisé between commercial 
and community interests. een bane by ‘potbhit c coniméretal u users of cable is 
minimal. 


During the next two years the franchising process will:come to‘a close: in most.of the major 
cities in the U.S. in. the meantime the refranchisirig process will begin as fifteen year-old 
franchise contracts begin:to expire. Municipalities; operators; and users will have:to adjust to 
a new set'of issues and procedures:associated with this: phase af cable.development and 
operation. In Section 6 we discuss guidelines for making the refranchising process a more 
enlightened one with regard to data communications. asec 


5.3 Cable as Carrie randB roadcaster 


5.3.1 Introduction 

The application of cable systems to data communications raises many questions as to the 
proper categorization oF cable as‘a broadcast mediatti: In adutitioh, antl-compétitive and first 
amendment issues are of increased importance because of the expansion of services 
possible over this medium. Cable could confuse the separation of carriage and content 
because operators control both facitities’ and ‘Progranimittg. “This"eombined control atso has 
anti- ba byaceles saree Others argue that although t there is = only one cable system per 
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97. Pepper noted that traditional anti-trust notions may. not py ide, auiticlent protection on hese grounds and 
that a new interpretation of existing precedent may be necessary ice ‘anti- arguments can be brought to beer 
(personal communications, March 1962). Because there will, ; 
available c c trum w a city | wil, be limitec in ’ n i 2 


discussion we will refer to anti-competitive 


City there are other competing communication services which prevent cable from acting as a 
true bottleneck, such as over-the-air television, eee ‘digital radio, digital microwave 
{see Section 4). 


If cable does become a. significant and unique carrier for information services, it is important 
that many diverse service-providers be rented access to the cable facilities for transmission to 
the home®™. There is concern that the entire spectrum of the-facilities not be occupied by the 
cable operator’s own services, nor that the cable operator be given ultimate discretionary 
powers in‘ refusing or granting transmission ‘service. Hiatorically, common carriage principles 
have been relied upon to-reguiate the use of bottlerieck teeources’ in our society. | 


To date the FCC has not.clearly determined what the true. role of these services should be - 
broadcasting or common carrier. The FCC has hesitated ta.effect.a separation of carriage 
and content in cable in response to the argument.that without :cantrol over programming and 
the direct service of the subscriber market, cable systems development would be stifled. 


Cable operators are, as a whole, opposed to any reference to their services as "common 
carriage". Common. carrier traditionally connotes strict entry .and.exit regulation, in addition 
to rate of return regulation, separation of control over content and carriage, and non- 
discriminatory offering of services to all. Many in the cable industry fear that if the state 
PUCs perceive these new services as competitive with the telephone. company, that the PUCs 
will attempt to regulate cable according to common carrier guidelines. They believe that 
given the capital intensiveness of installing a system. aad the long payback period, rate of 
return regulatian would make their services unprofitable... In. particular, the cable industry is 
concerned that their premium and pay-per-view. television. profits will be "regulated-away” by 
rate regulation. 


Even if the state PUC's were to agree to classify some of the cable services as common 
carriage without rate of return regulation, the cable operators remain concerned about the 
separation of carriage and.content, and about.nan-discriminatory aceess requirements which 


96), earlier sections of this report we have provided substantial evidence that cable is indeed a unique medium for 
two-way data communications. : 


orering services to all entails a commitment to bulid facilities on demand. This is discussed further in Chapter 6 
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might be placed on cable services, including entertainment .video..: Henry. Geller and. ira 
Barron convincingly. argue. in: a petitien to the- FOG; [27] that.ceguiation of cable services 
should be on an individual channel! basis, as opposed to a system-wide bagis, since aome 
parts of the cable are used for traditional broadcast services, and some parts are used, or will 
be used, for two-way communications of various types! This wodtd'insiire’ Cable operators 
their fair profits on’ pay-per-view services, while insuting the public ‘Mitr Use of the cable 
spectrum used for "communications", as opposed 16 eaten ee 5.3.5). 


It is nipariait te examine what. cammon. carriage. classification ‘peblek and why the 
protections that.it implies are importani.fer-cable data communicationsservices. lf cable 
represents a unique communications channel for residential homes and commercial 
institutions then’ it's reasonable to consider the cable spectrum té''be a limited resource, 
which is “affected with the publié interest.” ° Preceding sedtiohs Gf this‘teport support this 
notion, i.e., in many Communities; cable-will indeed be ‘a uhique shad usefut medium for both 
private and public sectors. It i$ in the communities 'Bédt A tétests that ‘any unique medium be 
accessible to all parties on a nondiscriminatory basis. 


In Chapter 3.2.2 we discussed the need for rhuftipte server-systemsin some detail. It is in this 
capacity, in which the cable operators have no effect ort the contents ‘of the communications 
between parties, that they might be asked to operate ‘in the spirit‘of'a:cémmon carrier. The 
separation of contro! over content and carriage céUld obviate the need for special regulation 
of cable carriage services. The opérators' cotiffict ‘of Iitefest between renting 
communications capacity to other setvers, and offeritig services over thé medium which face 
competition from: thede other ‘servers’ woutd ‘be eliiiitiated:’ Complete ‘separation Is not 
feasible in the immediate future for economic, pofiti¢al, and institutional ‘reasons which we 
discuss below. 


Given that the conflict of interest does exist, the community 4s Concerned that the cable 
Operator not infringe on first amendment ‘rights ‘by’ “moriopdhizitig ‘a medium ‘of 
communications, and ‘that the operator “not engage” in’ ariti-coiipetitive: practices, by 
monopolizing the cable-based services market. In the past, most public discussion of the 
potential for First amendment infringement has focused on video entertainment uses of cable. 


100) sale, Treatise de Portious Maris /Hasg Law Tracts 78 cited in Munn-va iiingia 04.U,6. 113.(4877). 


in particular, by controlling-all ‘channels on the-cable network the operator potentially exerts 
excessive control over content and thereby {imits the diversity of voices and intringes on First 
ainendiment Hglts of subscribers and ther programmers. Tedély, these arguments carry 
atidfed weight ‘due te the antcdinpetifive implications ‘of ‘mofhoptly’’controt over data 
communications services via cable. It is not only a concern for the private” residentiat 
community, but for the omnes information merits concave which pian to offer cable- 
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based « services as well e. e.g. ‘banks, catalogs, 0 other videotex servers, and entrepreneurs. 


PEON ESET COE AS yh ett fee E Fees 


Neustadt, Skall, and Hammer outline the thred types of: namie = matt Be sgcigale to 


“@lectréti¢ publishing" [47], or tor SU rupees: two Wty data: | 5 ae 
A; * sarty? » 7 
1. Content regulation promotes ‘the provision of public interest programs, exclusion 
"of offensive atid legal iiaferial; arid‘alrin OF a MUM GRClty OF viewpoints!" — 
thesote: : 
2.Economic regulation promotes reasonable, nondiecriminatory aes ‘and rate 
Structures, _ 


A 


. 3. Structural regration promotes eile ae of-cantroti.As 
Neustadt}, et. a], point out, "(necent requiatary acti gatas have focused in. this area, 
on the theory that competition can achieve many’ of the goals of content and 
economic regulation." 

Structural regulation is important in establishing a balanced industry structure and regulatory 
environment which will foster and encourage many diverse parties to develop information and 
communication services. Economic pra seraceh will develop over time to compensate for 
inequities which the structural regulation’ is ‘not “able t to ‘offset Content regulation is not 
necessary for data and information services if stru fuctural "Bad ec economic gules are able to 
assuré that a moantipnelty of voices tas access to tie edluin. = % : 


5.3.2 Content regulation ; 


Content regulation, as applied t to television broadcast casting, v was an ore to address the 


Se 


roeerer 


101 Fite | ill, Communications Act, 47 U.S.C. 201 (1934) 
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scarcity of broadcast channels’. It is argued that these regulations have not enhanced the 
quality or variety. of programming ard have merely served to limit the First Amendment rights 
of the broadcasters. In the case of data, scarcity.i¢ also a.concern, but content regulation 
does not appear to be an appropriate means of: addressing the problem, for reasons 
described below. '%3 


Because of the transactional nature of the two- “way ‘information services discussed, 
subscribers do not require the "protection" that some content regulation is intended to 
provide, i.e., from obscenities. This transactional nature. provides for user discrimination, not 
necessarily available on broadcast television where. there are.a scarcity of channels (other 
than by turning off the receiver altogether). tti is also important to note that the mere quantities 
of information available from non- broadcast. information. ‘services. make enforcement of 
content regulations infeasible’. 

In the provision of communication services, content regulation is particularly undesirable 
because the implied responsibiity for matters of content prevents:the operator from behaving 
like a common carrief: a far more appropriate model for a communications facillty. 


102 The areas in which content regulations are currently applied by the FCC include: 
- Fairness socuine?: ~ equal treatment of editorial Subject matter. 


- Personal attack corollary -- right of an individual: to access in order to defend himself/herself against 
personal attack on the media. 


- Political broadcasting rules -- equal access to all candidates. 

- Local origination -- channels where the operator is the only designated programmer. 
- Obscenity -- restriction of certain material considered offensive to the community. 

- Advertising codes -- legal and fair advertising practices. 

103 content regulation is not applicable to regulation of data communications services, in which the service 
provider exerts no control over the content of the communications; but, the inapplicability to information services is 
somewhat less clearcut. 

104746 amount of information stored in a data base is not limited by the communication channel! via which it is 


accessed, but by the practical limitations of the access eee i.e., how hard It is for a user to find something oh a 
very large data base. : 
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5. 3.3 Economic regulation oe 


Rate regulation | is used in the | case of most public tities, ‘including telephone, and could 
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conceivably be ‘applied to cable. The objective is to limit the utility's ability to extract 


Ba Al ae ip ite EEA 


OB 
monopoly profits on ‘the basis of its natural or Granted mono opoly, and to insure 
Padd oy hy oyhulosl Giga ont 
nondiscriminatory pricing structures. ‘Rates are typically set according t to an allowed rate of 
“2EE SG ce i rae WINS OOM cetic. 
return (ROR) on the firm’ s investments, or rate base. The rate structure i is al also evaluated to 
Be Ese ds th eeesn “gH } SEY EMP OG VOT 
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assure equal access to all users. ‘The history of rate regulation is checkered. The regulated 
SHG ee SP WaR-790 (5 
utilities (eg., “gas, electric, telephone) have ‘been gk prelnad with th slow ‘administr ive 
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processes necessary to enforce the regulation (regulatory lag); these these are | P rticularly difficut 


Poe ee ees 


fiche ge sasnaud lanneton GEESE 
in times of high, inflation. Some ‘economists believe t that Ane C consumer, has also. been 
i ied yt MGIC Ay O988 2 Bayes 


burdened by, the hypothesized tendency of utilities, 40 | over: capitlize and thereby increase 
their rate base vy). 


A . are Pere ee PES G Ones ie r Pn ee ns! 


There are a number of reasons why it is Gesirable t to avoid 1 traditional rate regulation in the 


case of data over cable. in addition to the imperfections of “Implementing traditional tate 

regulation, the disincentive it would “pose to Lint operators might stifle _development. 
tte VR BYShS art 

Currently, cable ‘operators are not “subject to traditional rate regulation apart from local 


SEO OME G fist Snil a 
constraints on basic, premium, and pay: per- -view television grat ne fees. By. entering the 
te GSO $63 t OS Ve ata 
uncharted market of two- -way communications servi y_ would face both, uncertain 
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revenue streams and a restricted return on them as well: in addition, there i the. possibility 
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that this regulation n might be extended to 9 other ca le Services | suc such as as premium and pay: ‘per 
view television. On the other hand, given that the cable facility is to some eden a “unique 
municipal facility, it might be desirable to restrain the sacar pealnie, shines of the 
operator. ethics 
Access or service charges will be paid by both sisbaciivers and information service providers, 
Subscribers will pay fees to the cable operator for access, and/or to the data base vendor for 
the information which is accesséd’ of provided. Cabbie atdead tess are ‘aiSedy monitored by 
the local franshise-bomrds and state Jegisiatures;::Regulation-of the. date base-rates is widely 
viewed as inappropriate because of growing competition in the “information iarketplace” 
which is believed will effect- efficient. priqing. im mantioniar; we are hesitant: te’: mandate 
“proper” rates for pleces..of infarmation... trereiere othere appeare: no: particular need. for 
additional rate regulation of subscriber fees. 


The problem of service provider access and communication rates is more difficult. In the case 
of two-way data communications services, the situation is analogous to a specialized 
common carrier operating in the local loop. “But, because there is generally only one cable 
system per municipality and the franchise i is granted by the city, monopoly power does exist in 
so far as the cable facilities offer more than other available local loop facilities do (i.e., 
bandwidth, transmission quality, etc.) There are two Primary concerns associated with this 
monopoly power. The first might arise if cable operators want to use all upstream channels to 
carry ‘the return traffic of pay- per- “view television or information services, instead of data 
communications services. They could set the access rates to data communication users high 
enough to disuade potential business users while still complying with any structural 
requirements set out in the franchise. The second concern is that monopoly rates will be set 
too high above marginal cost, resulting ‘in the traditional: monopoly inefficiencies of 
excessively high rates and accompanying underutilization. 


Rates charged to data base vendors will undergo even more distortion because cable 
operators will typically be acting as data base vendors themselves. Therefore there is conflict 
of interest between selling carriage capacity and competing for the sale ‘of information and 
transaction services. The cable operator could use excessively high rates to discourage 
information providers from using the cable. medium, ‘thereby retaining a monopoly for the 
operator. As we will discuss i in the following Section 6. 3. 4, structural regulation i is likely to be 
the most effective means ‘of preventing ‘such abuses, ‘although it is probable that at times: 
some economic regulations may be needed t to account tfor remaining market imperfections. 


YT st 


5.3.4 Structural regulation 
There are two elements of current cable industry structure which in combination might lead to 
abuse: j - 


1. The control of both carriage and Content by the operator. 


2. The practical: monopoly which the operator: has. over cable facilities within the 
franchised city. 


If cable offers an advantage over other competing media-the operator could wield significant 
monopoly power; resulting-in excessive Tates, as well exceasive control-over the content of 
communications. 


The cable ‘operators ‘argue ‘that cable is not a mordpoly’ since there are competing 
technologies, eg., ‘teleptione, airwaves, newspapers. For tettdin sérvicds alternative forms’ ot 
distribution are equally attractive. ‘But, for wide banawiath, abc way applications,” d¢able offers 
a clear” advantage!” For exatnple, one-way “textudl ‘information sight be ‘just “as ‘Suitably 
transmitted via over the ‘alr teletaxt™®:-wherélls Waeotdee braphies br'High speed computer to 
computér communieati ofs ‘is hot Avaitable at ‘cOiliparable Coats GH any other éXisting facilities 
(see Section 4). ' Conterit aid ‘econothie ‘requiatiolts: GUN be’abled In’ ah attempt to prevent 


abuse. ‘ut. w is smote ‘ttdthive the ‘etficiett to “attack the gin of Wo" BroBlom. le, » the 
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The tools of structural fis aaecaa news: 


rors “se ze 
. Rye ee 


1. Entry. an 
2. Limitations:on: dep elme iia ceatlia coratrol: al ctl eo 


fa ; mee gyloytyery. ae 


+ Limitations on 1 vertical integration “separation. 
Although’ most municipalittés ‘do“riot grat ‘excttisive franchises: tte ‘econammic: baftiers-to 
constructing # second cable Taéitity in ‘a Hiericipalty dra nig Sane Wierd dre few examples 


of competing companies. Therefore, entry policies are not effective at this point intme™.” 2° 


Liftitations on verticat integration by delinitiony would entail some Gegres oF separations policy 
to istlate the céntrot over catriage and content. Limitations ‘of Hertzertat intepration would 
also entail some degree of separations. Horizontal Witéyration TOS’ te the Contrel ‘over 
multiplé ‘channéts: if cable opérators’ give’ up contre!’ 6ver“a- portion WHS channels onthe 
Caibfe' they Will nevertheless He Heapénsible tor thecaivage bf thosd-dighats. “Therefore, ona 
portion ‘of the fretwort: wey would be ee —« which dieloamiacatiene Hvnited 
sah u ears POM". LD ge cers 2ek 


ange “iy . cis “ 4 taped : na 
rhe cas fred qahusg 4} Ten? eft. ¢ 


Soin would require that the cable network operator completely separate its signal 


765, etetext information ia transmitted during the vertical blanking iotervag (VB daeviaicn wane 

106 clusive franchise contracts. may be heid in violation of antitrust lays, see Community. Communicetions: :Co. 
v. City of Boulder, 630 F. 2 704, 1960. 

“107 We might imagine that in the future, demand will exceed the aupply of cable channels and ‘at that time, entry 
provisions regarding additional cable facilities may be effective. OS 
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transmission functions (Le., carriage) fram its programming fungtions (j.¢.,. content). The 
cable operators insist that services would be sacrificed by. limiting, t the incentives of cable 
operators to enter both markets. In Addition . Shey feel, that in. der to. attract an adequate 
revenue stream, control over the entire package, both ‘gontent and ‘transmission, is 
necessary". The cable industry alsa. argues that separations reaulation is, in, abridgment of 
both the first and fifth amendments: the first thraygh constraint,of content. control by the 
operator, and the fifth through constraint of. due Process of the, cable gperatar to earn a. fair 
return, on the facility. In support of their. first. amendment po sition, the. National Cable 
Television Association (NCTA) has argued that “cable Systems should be ti treated | in the Same 
manner as newspapers." [13] 


‘ 
p28ar agg crits 


Separations was rejected as a policy alternative in both the 1972 and 1974 Cable Television 
Report and Order [14]. In 1976 the house subcommittee expressed the importance of 
separations as soon as it became: feasible!’ put agresd:thet 1876 was. ta0:s00n te do:90[19]. 
In 1979 the court found that "(a) business ¢ or r group of businesses i in control of a scarce facility 
n,ade. for limited. separations policies such.asjeased axa tienes more favorable to the 
cable industry and are more-tikely to.be implemented... Leased aaqceas will be discussed in 
Section 5.3.5 . 


Public utility regulation of cable is anether possible, madel for. cable regulation. It has recently 
been applied to new institutional networks, suchas. the.qne in New Orleans{20], which will be 
used primarily as, transmission. networks for, business. and. government. In California 
legislation was propoped to declare. all cable. IP ERINS stems public. walle, to be 


programming 9 selection.’ ." (28 [16 Stata egtaition of thie sartip particulary reaction to the 
Boulder decision made in January of 1982 which stated that municipalities were. not jn fact 
exempt from antitrust laws unless they are furthering "a clearly articulated and affirmatively 


?8prestel, the videotex service in the United Kingdom, operates under a ‘seperation principle but does not lace 
impediments such as franchises and cabie’systems. 


re v. Blult City News Company, Iic., 600 F 2d 843, 686 (6th clicult: rereytert 


10The Cable Communications Act ot 1982, California AB 2742, introduced by Assemblyman | Richard Robineon, 
Santa Ana. 


expressed state policy"""’. This decision threatens the status of municipally franchised cable 
systems in those states. whose. laws do not expreesly assign the: municipalities. jurisdiction 
over cable. The most often stated. opposition to municipalconirot:. is the tendency of 
municipal ownership to reduce innovation and efficiency. . 


Although structural regulation is ordinarily considered preferable to content and economic 
regulation, L. Auerbach caytions that structural regulation alone. should not be depended 
upon to achieve society's goals [6]. 


The characterization of a highway operator. providing 
‘non-discriminatory' and ‘equal’ access (subject only to economic and 
technical feasibility) masks the policy impotence of choosing between 
alternative technical and.economic criteria for_access,..in fagt, .,. ‘ 
since these criteria will constrain access by some but not by others, 
the interesting questions then become ones of deciding traw, and thr 
what ways, technical and economic limitations should be allowed to 
determing access ta.the Electronic. Highway, beth by,potential 
consumers and producers of information. Perhaps, in view of these 
limitations to access, other’sociat and political criteria Such as 
the ‘public interest") should-alse be-used.: Econoenic criteria; by ¢ 
definition, discriminate gn the basis.of, ability to.pay. This i is not 
always a socially or politically Soren: outcome.” 


As Auerbach points out, through structural regulation discriminatery practices attributable to’ 
conflict of interest can be eliminated; but. discrimination On the basis of ability to pay remains.> 
This in turn necessarily influences content. Therefore, although we see structural regulation 
as the best of existing practical alternatives, we realize that communities may need to bring to 
bear supplementary mechanisms, such as public. and governmerit access ‘in, in ‘order to 
achieve social and political goals. We take heed of Auerbach's Caveat 6): 


Arguing for ‘separation of carriage and content will subsume the most 
important Socfop oliticat quéstions ufider an-appurently technieal® 
distinction,and., even worse, may encourage. pegale in.the complacent 
assumption that the mere assertion of two mutually exclusive 
categories will solve the bouridary missive implicit try iaking the 

- distinction.in the. firs} place, There ia no-need taauffer frem what 
Alfred North Wee once called the ‘fallacy of misplaced _ 
concreteness" 


“Community Gommunications Co. v. City of Boulder, 690 F. 2d 704, 1980. 


12 anred North Whitehead, Science and the Modern World, New American Library, New York, 1948, pg. 58. 
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5.3.5 Leased channel access. 


Provisions for Leased channel access have been suggested as a means of protecting both 
consumers and: businesses from possible monopolizing tendencies of cable operators. These 
provisions would require that the operator allocate a certain numberof its channels. to be 
offered on a common carrier basis. This might imply non-discriminatory, first-come-first- 
served access, with no control over message contént by the cable operator. The implication 
of leased access for video cable services is the allocation of a certain percentage of 
downstream programming to parties other than the cable operator.” The implication for 
interactive data services on residential systems is the ‘allocation of some percentage of 
possibly both downstream. and: upstraam capacity: to multiple information providers. For such 
allocation to be of use to other information providers, ‘subscribers must be able to address 
parties other than the cable operator. 


Mandatory leased access could ‘prevent sgerohaiies to subscribers through competition 
while avoiding the disincentives posed by complete separations and common carrier policy. 
Economic regulation of subscriber rates might. be: aveided:as‘ a result. of competing services 
on the system. Similarly, content regulation will not be necessary ‘given the diversity of 
sources. Recognizing the difficulty of enforcing complete separations, it is wise to enforce 
leased access in the near future so-as to establish the; process. early on in-operation and to 
encourage the emergence of service providers [47]. 


The petition to the FCC prepared by Geller and Barron presents a legal discussion of the 
appropriate jurisdictional Position of the FCC i in regulating leased access [27]. It concludes 
that the FCC does have jurisdiction to establish guidelines for leased channel access because 
of the interstate nature of some communications, now and in the future when interconnection 
of cable networks is in. place. The. rulings whigh.. have served. to: limit FCG. regulatory 
jurisdiction are discussed in detail and can ‘be shown to be inapplicable given the true 

“communications” nature of, the. data, communications services. under, discussion here. That 
is, instead of these services being “ancillary to broadcasting" , they: are in fact “anciflary to 
common carriage". This being the case, the ruling in Midwest Video Ii. which held that leased 
access requirements were in conflict with the broadcast categorization of cable function, 
would not hold since there is no conflict between leased access requirements and common 
carriage. Fundamental to this approach is the treatment ef each cable service or channel 


separately, according to its function. Only in this way can the dppropriate regulations | be 
if i} : i Loy 
applied t to some services, without unnecessarily harming ¢ other services. 


A disitcentive to cable operators is the vulnerability of ‘cable 10° state common cetfler 
regulation if leased access is offered. Preamption of the states legit t‘enfored rate of return 
regulation is the approach recommended by the industry. An alternative measure fs to 
enforce the model suggestion by Geller and Baron whereby each channel is regulated (or me 


the 


regulated) ‘separately, and therefore sortie subset of channels ie be offefed on a common 
carriage basis without @ireatening all cable services; = = 


Fundamental questions arise in the implementation af, pence his 

-Who should set the rates on access to the available chafinel’:- the cable 
operator? The state PUC? The ECC? According | to what Criteria Age te these 
ratesbeset? =~ a ; 


- How will leased access requirements impact the status of joint ventures between 
information service providers and cable operators? | Paar out 


- What provisions should be made in the event that the allocated number of leased 
“‘access’ channels ‘become crowded? Shduld''the: numberof Lelised Access 
. Channels, required be caiged?.. = ak ances Somenonre the market 


. for servers will have been proven? 
- How to ensure equal. treatment. for. ee: services: that: en corapete with - 
services oftered by the cable operator, As Neystadt et. al. state, "(p)olicing equal, 

treatment is a regulatory swamp". © Pe Bes eee 


- What central head-end services are included in the leasing of a channel? 


Geller and Barron. propose. that initially pricing. be. left. to. the, forces. gi..market supply and 
demand. It seems reasonable that this be attempted, but with.close, monitoring,.so. that. 
discriminatory or unfair behavior is detected quickly, and the need for regulatory remedies 
can be.reevaiuated. It would be inappropriate Sor thipatite PUC's'to-establietr:d rate of return’ 
policy for these new services: unless discrimitatory praictioks aites: Rate-basg regdlation:of | 
mixed services provided by shared telephbne plant: header fraugint with ecdrromic as weil us. 
political problems and. the. desire to avoid this:complicetion ; i péesibie, is stared by both the: 


13. 5ome of these questions will be addressed in the following chiagiter on muréelpatdirid 


public and private Sectors. But, if the cable operator sets rates artificially high so as to 
discourage leasing of channels by competing : service providers, or if the operator exhibits 
other anti-competitive behaviors, economic regulation may be called for. One alternative is to 
implement a bidding system, such as has been tried. for satelite transponders, whereby both 
the. cable operator and ether information providers bid for use.of:a.channel, or a subset 
thereof. . 


The cable industry presents a number of arguments against leased access requirements: 


1. The cost of building a system is only justifiable if the: operator -has control overall 
revenue producing channels. 


2. Leased access requirements burden the operator with added costs of managing 
individual channels. 


3. Subscribers will hold the operator responsible for the quality of all services, even 
those over which the operator has no control. 


The first argument ignores the fact that each channel will.be leased and therefore will be a 
source of revenue. In particular, on large systems where there may be excess channel 
capacity, the opportunity cost on the nth channel is law. and the operator ig likely to make a 
profit through leasing. In addition the channel ‘leasing rate wif teftect any additional system 
cost that the operator incurs in providing the channel. Significant additional costs will be 
incurred by the operator when channel space becbmes scarce and the need to increase 
network capacity arises. This is a capital and labor intensive process and will have to be 
addressed by the local and state authorities. . | 


Although it is true that the quality of each service is likely to affect the overall subscriber 
impression of the cable setvice, the incentive-to the new services should be equalty nia to 
improve business and provide as good service as is enechessry. ed 


There is some hesitancy on the part of potential service previders.to actively support Leased 
Channel Access Requirements, due to: the potential negative impact on:joint ventures. In 
particular, Leased Access requirements might establish:a precedent that would later be used 
to. prevent exclusive Joint Ventures between a cable operator and.a service provider. 


Many implementation questions will be overseen by local cable authorities and are therefore 
addressed in the following chapter on policy guidelines. 
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5.3.6 Telephone company cross ownership 


114 j in | hope 


The FCC adopted a ban on local telephone and cable television « cross- ownership! 
of encouraging "the full development of non-cable services (e.g., data services) that could be 
substituted for traditional telephone. services.". This was.upheld.in. Geaeral.Zelephone Co. of 
the Southwest v. U.S.'', Itis op this same basis that.cable aperators. might be restricted from 


exerting monopoly control over the facilities. 


The access s charges to local loop facilities are of increasing importance in light of the 
proposed separation of Bell Operating Companies. (BOCs), from Ararte, It ' possible that 
the BOCs will be allowed to enter the cable market. “Alternati y the ‘telephone companies 
might lease channels from the cable operator. It i is not evident to what degree the telephone 


companies will pressure the state PUCs to more heavily regulate cable. The aggressiveness of 
the cable companies in offering high speed data, services will invariably affect t this outcome, 
but how is not so clear. For instance, if cable operators are slow to offer these services th the 
state or tederal officials might open the market to ‘the telephone companies, On the other 
hand, if the cable operators aggressively enter the data.cammunication markets and threaten 
the telephone companies, the state. officials .might -enforce, addkional. regulation. -under. 


pressure, or in protection of the local telephone.companies,, - 


UR Foye 


5.4. Pivaer an: Wiretapping, Intrusion Misuse ot information 


HOES 


Centralization of the control over + content and carriage also increases 1 the dangers of privacy 
violation. All home information systems are a danger to personal privacy by the mere fact that 
they provide a channel by which. iaformation can. flow: from within:.one's heme to the outside 
world. But the more direct.the-connection between the information. souroe.and sink, the: more: 
motivation there is for invasion of the individual's privacy. .-D.C..Nagh-and.0:A,,Bollier describe. 
four types of. exposure that. consumers...sick., with: interactive; heme media: . . iqtrusion,: 
interception, misuse of information and aggregation of individual or household 


‘447 CF.R. 63.54:86; Report and Order in Docket No. 18800, 21 FOC 3d 907; 968 
‘S449 F 2d 846 (5th circuit, 1971) 


"18 aT gT v.U.S., Consent Decree, January 8, 1982; Justice Green preaidirig 
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ees 3 co) 


others has helped to shelter | us from these. abuses, i ie., . telephone, postal mai _on- -site 
“y god gles £ 
business transactions. 


Seb Ee tons _ 7 3 tS a" 


Cable systems “pose privacy probtems, ‘some of wtith: dre common to many electronic 
cofiimunications, information, ald trangdétion Services: aiid some ‘of which are particular to 
cable. Problems which arise from ener ore tabi afé not qualitativety different than 
wiretapping on the telephone system. "' Encryption can Provide a Solution to large users 
whose volume of communication w warrants the cost of encryption | equipment, ‘but i is not likely 
to be feasibie for ‘brivate residential Subscribers unti i'indorporation o of encryption devices such 
as the Data Encryption Standard (OES) is economically practical" The network itself might 


aaye te MIO das of 


offer encryption as ‘a ‘value © added service, as a 1 way cal f ofioading the front end ‘costs. 


systems. In ‘conclusion, ‘the bbe of secure Eommunications and wiretapping are 
ie 3 Syorigsere yoct YS 
compounded by! foreseen cable data communication s services, but a are not unique. 


TEETER gE yt eee ee Sears Nas 


IntraSsioh via- tHe cofhmuntcations medias a fear that Is dGeépef than 41964 paranoia”. 
Security ‘arid Home monitoring systéms, as ‘welt as’ enérgy management Services ait-form a 
new avenue for the flow of informattOn Gut'ot tie ROme? hy peartictiar, Butomalit generation of 
information, which is not regularly filtered by the residents. This fear has lead some service 
providers to give the resident the capacity to turn off all monitoring services at will, but in 
ganerak the: manioring i» sentiendl and:ehagetved tranemeyers txthe Vesiden: :It Is likelythat 


the only alternative to intrusion for bleed who are come rae it, will sinnty o non- 
zi EAP EY © oF yest no THERE TOYO nrg cuit ot 


Participation. 


A less‘direet, ‘but’ profound tétm of intrusion’ will Semie Hirdugh the misuse of Information 
Collected! from: the hothe. © An examete 2 billing Whorntiation inultating the Viewing habits of 
individual subadribers: On sorte system that sre Nghty Verttaleea’ This Would Include the 
information retrieval, ee of eabeortierd.” ee ee and 


tei facecivetete 


as a ere BT a Tf 


‘7 athough, 28 described in Section 2.3.2.2, wiretapping and traffic analysis are both significantly easier: on 
systems. 


shared channel cable 


11875 some extent, it will not become practical until the residential marti ‘exh a a demand for secure 


communications, i.e., that there is a willingness to pay tor the adda 
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individual data by marketing firms alone could lead to unfair and Invasive generation of 
special interest mailing lists. The misuse of information by credit and trisutance bureaus is 
already an issue of public concern. Prevention of the misuse of cablé data would benefit from 
stronger and more enforceable general legislation: But’ tn addition; because of the ease with 
which vatuable information canbe gathéred on cable systems, and beCausé this information: 
can be gathered from points other than the head-end,’ theée<syatems might’ require close 
monitoring by federal and local ‘authorities. This will be iA the tiitereat ‘of both subséribers, 
and the service providers, whose Services will eventually. suller: signticantiy, | if the clientele 
cannot trust the security and privacy of their corimufiicatioris.’ Warrier Amex ‘has proposed 
the code of privacy shown in Figure 5-0: i iat oli ela 


ing by the subscriber that information 
contained therein is inaccurate. 


Warner Amex code of privacy 


Warner Amex Cable Communications has prepared a prvacy code detailing ig 


@ Any individual subscriber informa- 


rights of subsctibers on its two-way dable television service. ae 2i btn SiN beveateined hfor.only ns longs: - 
is reasonably Sarees ae to verify 
a Warner Amex shajl explain to its (non-individual) data concerning ‘ Billings. i 
"subscribers the information gathering | subscriber service¥ for usd‘iii Bévelop Stes 


Although this code is an important step in industry recognition of subscriber rights, it does not 
adequately address two particular. sources of potential abuse... If the cable operator sells 


functions of the cable communications 


ing new yar or pfraalapeth existing 


° seins mailing lists shall n not be 


services ; make ayai © third parties— 
iaile ska hana sich bu aalk pace Armen to third |” Penn ortes 
@ Warner Amex shall maintain ade- re Warner Amex—without first 


sto ensure the physi- 


quate 
cal security and confidentiality of any 


subscriber information. 


@ Warner Amex subscriber ‘agree- 
ments shall include the following: 


ies 


Individual ‘subscriber ae, or 5 
_., fesponses may be recognized only — 
‘where necessary 4 46 petit bik nace’ 


to render a subscriber service. Any 
such information  wiil: 
strictly confidential unless wee. 


' tion is an.inherent part of the, 


euncing a gaine 


‘service fe.g..- atm 
‘show prizewinner). 


No sther. individualized. informa: 


@, Warner Agnex: wi 4 
to make any individual subscriber 
; informatign available to government 
~ agencied tn the abschce f° £6th-"* 


parsics—whethes t affil iased, ed OF NOR. 


' out ain ensuring that ite identity of 


al appa 


individuals, iq 
the data provide 


pulsion, i.e., court order. subpoena. If 


oredyests far auch Pa peed are 


made. Warner Amex wil promptly 


: poy Abe, subeceiber Rrior lo.resnond:. E 


Perntitted-to do 30 ‘by 


® Subscribers may exa) ine and c : 
“any information’ deve : pled hy Ware 


refuse ts 


“i phopitin g: dubiceibers. with the .op- 
portunity to have their names removed 


; From gueh lists. » 


. Warner hee shail oanty with 
ble federal, state and local laws 
ing subscriber 


‘Su 
adhere to applicable industry codes of 


subscriber privacy. 


[007 Epits) iparties who participate: in 


providing services to Warner Amex 


‘company’s’ Code of 
all Warner Amex arrangements re- 
garding mersérvices shall specificalty 


tion concerning viewing or responses Amex pertaining to them at Warner snees porate | this Code of Privacy hy 
will be develeped iupless the sub- | Amex: premists: upon rogpenatiguen- |: fElBeOCe. 2... 
scriber has been advised in advance tice and during regular business gt ° tine Awe shall continiiously 


and given sheapate. opportunity ’ 


fiat to -participa 


@ Warner Amex may develop bulk 


Sopying: Dpying coats shy! be, horns Praedhapr cir} ee 


aR neers Uren a » reasonable show- 
: + Lite i . 


 Tevigw a9 its Cade of Privacy 
oo 4 Tént with technological 
changes — new eter tia 


PLM? 


Figure 5-1: Warner Amex Code.of:Privacy © 
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CableVision [65] 


(Cablevision). 


eek tar 
Pra 


vacyand shall 


1 @ODd ECL whic .pridmote or enhance |. 5: 


: ILbe.«. red to adh ah 34 
: Gener sha Detegui rae nee 


information services, access to market information which is specifically. restricted. from other 

parties, i.e.,"individualized information concerning viewing. OF. responses", can provide the 

operator with.a competitive, advantage over other information services, A related issue is the 
Storage of data in a form that is traceable to individuals. If information is no} to be used for 
hurposes other than billing, some citizen groups have suggested that other information only 

be stored in statistically aggregated form [40]. 


All information collected about subscribers by the Operator 
by any independent access corporation, other ‘than | billing ‘information, 
- shall-be stored onty es ayoregated etatiaticet totals Wet identifiable: 


as to individuals.except to.the extant allowed.by the prior. written 
consent of the subscriber... 


5.5 Summary 


Federal cable television regulation grew during the 1960's and early. 1970's, culminating in the 
1972 Cable Television Réport and Order. Since the, mild. 1970's. tegulation has subsided. 
Throughout this cycle, tepilatory: ‘and dereguiatory provisions focused or cable television as 
a one-way video: distribution : technology. Nevertheless, ie fundamental regulatory iseue that 
remains unresolved, namely table television's status: is; & common carrier or broadcaster, is 
also the issue of most significance to the application of ‘cable teldvision networks to two-way 
data communications. Structural regulations. have been ‘nroposed to’ sliminate. the potential 
for conflict of interest on the part of the cable operator. These regul lations wourd. assure equal 
access to the distribution’ Medium while at the sente tite. Isolating cantent-related decisions 
from government intervention. Separations, otiminates this: confiict,. but the. cable industry 
believes that such severe action wilt leave: cable’ “operators in en “economically. uncertain 
position. Leased chahnel access is a limited form: ‘Of separations that is more acceptable to 
the cable industry but which might entail more cumbersome rate- -setting or monitoring 
procedures. We support proamt: ‘construction ‘of atctural:regulations that will establish 
cable television as a local distribution medium: accessible to a multiplicity of voices and 
listeners. 
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in the final Chapter which’ follows: we integrate’ the technical ‘arid réguletory information 
presented thus far into policy recommendations for city cable authorities. 


Chapter Six _ 


Guidelines for mynicipal pglicies 


res) 


6.1 Introduction 


In the introduction we discussed the applications that might motivate cities and cable 
operators to implement data semmunicatione servicgs ion ;calie :televistan: networks. lit 
subsequent chapters (see Chapters 2, 3, and 5) we discussed the technical capabilities and 
operational mechanisms that are needed to implement: ‘these ‘applications. The local 
Spvermnen: a cama ens eceeerbids iamraned ee alt oer of the! city 


ard 


er eee 


subset of,.these can be addressed and implemented., We; hapante, aid local scceoriiee in 
identifying eintd- addressing those retquirements | ‘Hat are: of Greatest ‘corSequence to the 
implementation a data communica aricas tha will garve communi goats. 


ry 
Data communications capability is ‘vlaneed: ‘as ‘the: fundamental’ nadarooiies of the cable 
network because it is the basis for provision of information and transaction services to 
residents, as, well as high and medium spged data communications, and. networking | to 
institutional usess. Jt is not. evident to what, extent. the, ties. Must. formulate detailed . 


caalconeshite for this infrastructure i in ores to achieve the community’ s goals. 
ut Sse fa ote BU Pty ia to ren ibe 


satio r services to the satisfaction 
of city' goals. -We first. identify: piaticagar: goadla:: ‘and: detive: Ligel eeemeeseiine use and 
operation of cable networks tor data cofrittlinication del vice 3 ‘ye We irien 4 tévlew and Aighlight 
the technical. capabilities and. ‘ppetational, mechaniame,thel.myst, ‘be im; place, for, the ity to 
realize thése ‘goats, ahd thé role of the ¢ Catite pesca ‘pierseeing the 


implied capabllities and mechaniems. We, rater the, reader, ars, 2 and | 3 for. further 
discussion of technical details. 


In this ofoter w we discuss the relevance of data ee lo 
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Throughout this chapter we present cases in which it ‘might be appropriate for the city cable 
authority to exert external pressures on the éablé Operator. We wish to emphasize to cable 
authorities the detriment that could be caused by gvercommitting, | the cable operator. 
Overcommittment can result in ant ' dperator thiat’ is untbid to” -acauire financing, ‘or is unable to 
complete construction. Over-ambitious specifications may also discourage the best- 
equipped vendor from bidding; leaving only the uninitiated or dishonest vendor to bid. 
Therefore, the authority should be prudent in its demands. 


6.2 City goals and the rote of data services. 
Two fundamental city goals can be served by data communications services: 


- 1. To. provide residents. with enriching. facilities end .serviges that will both raise the - 
“quality of life" and contribute to the economic statys of the city. Home. 
information services can provide convénience, eritertaihitnent, access to useful — 
information, and formel edueation:: A: two-way: cable selevision:-network: isan. - 
economical and pawerful means of transmitting these services (see Chapter 4). 


2. To provide. an environment that is attractive to the business community and 
thereby contributes to the strength of the economy. of the.aity. High capability, low 
cost, business communication facilities and services enhance the overall 
business envirohment, particdlarly m'light-of ifidteasirig use of Communicating 
office computers. A two-way institutional cable network is an attractive 
alternative to the -telephene. company's: locablagpy bath im:terms of. performance 
and economics. 


Once a city decides that these facilities dre in fact desirable, there is a second tier of three 
goals which concerns the nee and quality or seivice ottered al thidse factitiéa: 


1. A maximum number of servers - “information a service ‘peavideras: “should heive 
_ access to the facilities in Support of the first t amendment goal to promote freedom 
of the press; one factor ih promoting such fréedom is assuring equal access to 
the "public" madia by a diversity of voices. Fo:tvis-ene) the cable operator should 
not be the only service, PresslAt. On SPP NAMA NPE, Should. it haye.the. power 
arbitrarily to exclude other service providers e operational policy needed to 
realize this goal % structural ?equltition SueW a8 WESed Bceess that WH elittinate: 
the, confit of . interest. .which..ariegs from .entsol everbeth ceantent.and . 
carriage The | technical | requirement it implied by this goal are communications 
facilities that support'm ‘Sbetibn 3:39)" 


20 cable authorities may find that additional economic regulation is needed to ensure the effectiveness of leased 
access policies, see Chapter 5. 
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2 The maximum number of residences and businesses in. the community should 
have access to services at the minimum-vreasonable rates; ie. ‘ates that are close 
to the marginal cost of providing service. The potential monopoly power-at the 
cable operator might allow-the-’ operator to set prices above marginal cost. 
“Therefore, the city showld actlyely promote competitive rate levels and structures 
through promotion of: competing serviee- LA ry and transmission media, 


where possible, and through! monitoring: -ef rates, rgompetifion is not 
feasible. In addition, & should not encourege over ove idingainich- bree In 
excessive subscriber rates. 


3. The city should” not hei precited kan enjaying future services. shecaib of 
obsolete facilities. “Therdtore’: ‘She Facilities must be designed and constructed to 
achieve (or at least not preclade}fiexibility, pert ‘Fninimum costs in 
‘the long-term, as opposed to'apepific functions and ysts! ort 
term. The city must Uriderstgfic thé technology ierttty {fo evaliiaie the .... 
proposals of the operator and to formulate demands that-will-ehforcé-long-term. 
yet ‘reasonable investment .on.:the part of the Ls rgpurt in_particular, network 
configuration, reductign of - petream noise, anchmuyltiple:server addressing 
capabilities. a Span Ep Mens | 


Data communications requirements must be balanced with other community goals relating to 
cable television; namely, _ influence over programming | cons ia Setting, channel 
capacity, and local origination faollities, oe 


for rapt’ (REP) “and “sétects trom‘aiing ‘the responding scaled The cable 
network criteria proposed by the city are then modified moumn s a series: of Ragotiations \ with 
the cable operators (see Figure 6-0). 


ORS.) en haniest bitte teas 


By the end of 1982, most of the major cities in the U.S. wiff have’ tortipieted’ this franchisitig 
process. Thereafter, local governments will use interim reviews and refranchising processes 
as the forums for establishing cable policy, in particular for overseeing cable aperation and 
expansion. (aoe Flaws, &O,.ehape ®. Roe eS 


Franchises granted in. the mid and te 1960's 's are comig due for contract renewal. These 
systems are primarily six to twenty channél networks léoated irrura? areas; where cable was 
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PHASE 1 
Fomlliorization 


Figure 6-1: Cable television system franchising (Cable Television: 


3 


Franchising Considerations * 


installed because of poor over-the-air television signal reception. Systems located in densely 
populated areas with large potential cable markets will be rebuilt or upgraded into higher 
capacity systems, particularly those currently in the St to twelve chaniriet rarige:: Those areas 
that are sparsely populated do not offer large enough markets to warrant installation of high 
capacity two-way systems. Therefore, in these communities, cable operators are unlikely to 
install the higher cost facilities necessary for two-way data communications capability’ 


The post- 1972123 franchises typically have 25 or more ‘channels | and therefore many of these 
systems do not require rebuilding. Instead of developing specitications for a new ‘system, the 
cable authorities will use the refranchising process to: 


121 Beer, W. [8] 


1221, 1980 there were 358 systems of 30 channels and above, 758 aystéins of 20'to 29 chinnels, 103 systems of 13 
to 19 channels, 2,783 of six to twelve channeis, 151 systems of below six channels, in the United States [46]. 


23, 1972 the Cable Television ‘Report and Order established technical: tailenere'h fot cable networks for all 
new systems that. would serve over 3500 subscribers, eee. Chapter-6...- 
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1. Ensure that franchise promises have been implemented. 
‘2. Propose new system capabilities. 


3. Establish or modify operational procedures. 


Most of the post-1972_ franchises also Provided for interim reviews by. the local authority. 
These reviews can also be used to monitor cable. ‘operator performance j in meeting franchise 
agreements, ‘Negotiate for additional | capabilities, and. provide a ghannel, for community 
members to express desires to the operator. 


Although interim reviews and réfranchising negotiations are in some ways similar to the initial 
franchising process, the scope ‘of issues to be’ resolved is = considerably narrowed. For 
example, instead of overseeing network, design and “Sonsiruction, ‘the cities oversee 
upgrading, or at most rebuilding, of the existing network 24, In addition, if the cable. operator 
has performed well, or if the franchise is an exclusive one, the ity might forego the operator 
selection process. 


Despite this narrowed scope; ‘substantial lane’ remain tor the ty Gate authority to address; 


in particular, unsatisfactory or ‘deficient ‘operatianal. pronedures, ‘and technical, capabilities 
(see dealg 6-0, eerhs 6, ee dene sea Laeewale Many saibratae technical 


ante ir a ‘bpgause | they were either 


eres 


unforeseen or conskigned:! too. riba by: the. cli Gostales (ibid; hese @, evaluation: of new 
services). Most refraithising demands ‘do not entai’'the’ high “tésts that initial cable 
installation does. Therefore, depending upon the specific market characteristics, the operator 


soowOll 


might be more able and willing to implement capabilities which have longer payback periods 
EP OR Yt 

(ibid, phase 6 negotiation of system expansion). Also, depending ‘upon ‘the ‘able Penetration 

figures on the existing system, the operator may actively seek new features which will attract 


new subscribers. a 


4 or the remainder of our discussion refranchising will refer to those systems that only require upgrading and 
contained amounts of rebuilding. The refranchising process for systema which require extensive rebuilding or 
replacement will be considered identical to an original franchising process. 
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6.4 Community requirements 


Two-way capability and leased access policies are necessary {0 ensure implementation of 
data communication services that will serve the spirit of the community goals discussed 


above. . 


The application of cable television networks to data communications presents complexities 
and uncertainties which exceed the expertise ‘of most’ city cable authorities, as well as most 
cable operators. As Baer and Pitnick’ point out, ‘tachniéal specitications® and’ operational 
procedures which were acceptable in the past for efitertainment télevision are not necessarily 
adequate for data communications applications (8). In addition, the larger capital investment 
necessary contributes to the financial burden of both the aperator | and subscriber. 


The heart of the problem is that a cable system good enough for TV 
entertainment may simply not be good enough for t nay Hion- éniertainment 
services. 


Communities have no easy solutions to turn to. Since most new services 

are, by definition, untested at this time, franchising authorities 

cannot specify a cable system design that will meet all future 

requirements. The: more, ligxibility.and the, mare, str 

they require, the more the system will cost above one oriented ; 
” ptimarity toward entertainment Services. se 


ds 


Most cities have not faced the question of who will pay this " 
additional cost...(II) tie added'system cost cannot be justified 
initially; franchising authorities should at least He aware that many: 


future services may he diminished in scope or foreclosed, entieely. 


In the following section we draw on details provided in ‘earlier chapters to qualify and bound 
the rather dreary picture painted by Baer, et. al. Their statement is representative of 
uncertainties which were pervasive in 1975, many of which can now be resolved. The 
technical and market uncertainties create financial uncertainties which inhibit investment. 
This discussion should serve to encourage such investment, where practical, and to promote 
intelligent construction and operation of the facilities. 
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6.4.1 Technical requirements 


Two-way capability is the most fundamental technical requirement for data communications. 
As we saw in Chapter 2; two-way capacity can be lmplértiented ‘in many different ways, 
resulting in widely varyifig Gapabilities. Therefore, many cities wit lind It' insufficient to'specity 
merely "two- -way capability" in the review, refranchising, or wranenising processes, The extent 
to which the cable authority should establish the technical specifications for. two- -way capacity 
is unclear; but, cities. must at least deepen their understanding of these issues so as to 
prepare themselves for evaluating the cable operator's plans and performance. An this 
section we highlight points made in Chapters 2, and 3 in the context of formulating local 
policy. We refer the reader to those chapters for further discussion of technical details. 


een has identified four classes of cable television channel, the fourth of which refers to 
Upstream transmission™. A Class IV channel is definédAs "(a) signalling path provided by a 
cable television system to transmit signafs of any type from a subscriber terminal to another 
point’ in the cable system.” This definition does not spécify many capabilities that are 
necessary to‘imptement the data communication schemes described in Chapter 2. Not all of 
the requirements discussed in the following section need be tnahdated by the cable authority. 
The cable operator will find many of ‘them attractive’ etiough’ to adopt without external 
pressure, and others can be ‘added incrementally. But, the authority should understand the 
technical trade-offs sufficiently to Identify those capabilities that-are fundamental to ‘the 
implémentation of data communicatioris services, that cannot be ‘added Inereionay, and 
that therefore warrant long-term investments. 


If the operator is motivated or experienced in two-way data communications, then the city 
might confidently leave many of the detailed specification'to the operator. But, the city must 
make certain that the provisions agreed upon are specified in endugh detail to ensure that a 
system results which will accommodate the types of services aodlh’ by the Saithunity, in 
addition to those desired by the cabte operator. moe 


125 The first three classes of cable television channel are defined as follow: a‘Class 1 charinel carries one-way 
signals that are received by the operator over-the-air or are obtaingd by reigrawave-or by direct connection to a 
television broadcast station; a Class Il channel carries one-way signals that can be received by a television broadcast 
receiver without the use of an auxiliary decoding device, and that are not part obbepadcant trarmréesion path; a Class 
It! channel carries signals that are intended for reception by equipment other than a broadcast receiver, or by a 
receiver that is equipped with special decoding equipment [15] 
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6.4.1.1 Engineered for data 


In Chapter 2 we identified the design parameters that must be implemented in order to 
accommodate data communications on a cable television network. We review them here in 
the context of franchising, refranchising, and interim review processes. 


The two-way communications capacity available depends, in the first instance, upon the type 
of two-way amplifiers used. Subsplit amplifiers are typically used in residential networks and 
will accommodate four upstream TV-size channels. Some cable Operators may prefer to 
satisfy two- -way requirements with a hybrid system which uses the standard telephone lines as 
the upstream channel. Many of the transaction services envisioned for the residential network 
require only limited upstream transmission. The limited data rates economically achieved 
over telephone lines (typically 300 baud, see Section 4) will be adequate for these 
applications. In particular, hybrid facilities will allow the.cable. operator to Offer pay television 
services without having to implement "real" two-way transmission capabilities on the cable 
network. In the long run, we envision applications that will require larger bandwidths in both 
directions (see Chapter 1). In addition, as we discussed in Chapter. 4, it is not desirable to tie 
up the only telephone line into the home. Some cities do not envision heavy usage of two-way 
services in the near term, and would therefore agree.to the use of hybrid facilities to fulfill two- 
way franchise requirements. It should be noted that in so doing the cities may significantly 
reduce the cable operator's incentive to implement "real" two-way capabilities in the future, 
namely by enabling the implementation of pay-per-view. services. . The authority should be 
aware of the limitations and implications of such.a decision, while appreciating the positive 
economics of the hybrid approach in some instances. 


A primary requirement for two-way transmission, in addition to the presence of. two-way 
amplifiers, is minimization of the insertion noise on upstream channels. This is achieved by 
minimizing.the cable length between the head-end and.the farthest subscriber. Tha system 
configuration should resemble a hub, with radially extending trunks, as opposed to a 
christmas tree or snake with long winding trunks. In larger communities sub-hubbing, 
multiple hubs interconnected by microwave links or cable trunks consisting of lower- 
attenuation, higher-cost coaxial cable, may be needed. ta cover the extended geographical 
area. In the case of refranchising, system configuration decisions are Constrained since 
facilities are. already in place. If the system being. upgraded to accommodate two-way 
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transmission is poorly configured, other mechanisms for reducing noise on the upstream 
channels must be brought to bear. These engineering details are primarily in the domain: of 
the cable operator and should be recognized as such by the cable auitNority. But, the authority 
would, do well to understand the sImeneations & of, these -funeamenial paramcters | 80. that 


proposed cable network layout, the 2 authority should, be prepared t to ‘understand why multiple 
hubs and other design choices were, or were, Not, made e. made. Followi ng.is.a an excerpt from the 
New Orleans cable franchise which exemplifies, how Jechnical | provisions might be 
incorporated into a franchise. document [20]: 


if Necessary to ) prevent the build- up. of nélas e and distortion 
products, the area shall be divided into sections, and sub- truinks run 
to: a Centre huts Within thé area | Bquivatent alteenatives euch as 
addressable taps or switches may be utilized. 


reg 
le . 


As we discuss in the Sections 2, and 6.4.1.2, the last provision, nr allows the use of 
addressable bridger switches to combat insertion hanes ‘8s a ieeicertlin solution, may 
preclude the use of some addressing schemes. This i is ‘an ‘example of the need for thorough 
omen of technical’ paar aes aad) ak cee aie ae eM 


TEE foeore go atiph pepe ao | 
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6. 4. 1 -2 Addressability and access methods 


Addressability is. needed to support, .pay-per-view, eno sarviges. 4 Le., . the. siibeniibae 
interface myst identify the user uniquely to the. headend far, program). salection. and billing... As 
was discussed in Chapter 2, the. addressing scheme. largely, deteumines, the flexibility and 
performance of communication services on the network; in particular, it determines who can 
speak to-whomi' Mest cable operetors:are not iminediatély:motivtedto investi addressing 
capabilities which will accommodéte aty-to-any conmmunidations Secause the market is as yet 
undeveloped: The cable autteorities must evaluate the needs and desites of their community 
to establish the immediacy of dematw; or potential demand; for suttt services; into doing the 
authorities must be careful not to overextend the Operator it ari alaeaints market. atta 4 


Many technical cceapananty of addressabilty can be. ee ohh some on. an. sgerengatal 
basis, Le... interface units, headend software. But, there.are, other, decisions regarding the 
cable plant that might prohibit implementation of particular access methods. For example, a 
contention channel cannot be implemented on a cable system that depends upon bridger 
switches to limit upstream noise. Contention channels must be continually open for 
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transmission and are incompatible with the on and off ‘switching experienced on a branch of a 
network that uses bridger switches. Therefore, the provisions, in. the New Orleans franchise 
mentioned above may prove inadequate. 


Multiple two-way access methods can be used simultaneously ‘on'a single cable system 
through the use of multiplexing techniques. But, given the small size of the existing market, 
initially there will be at most one data-communications based Service, Using a single access 
method, of each residential network. ‘The city faces a “choice between polling, hybrid, ‘and 
contention access methods: the trade-off is limited function versus higher ‘eost (see Chapter 2 
for comparisons of access schemes). institutional networks which ‘are. largely dedicated to 
communications services, as opposed to informatiosi Services, can 3 and will ‘support many 
access methods simultaneously; the. methode. used wall initially be. detesmined mooning to 
thed demands of large users. 


6.4.1.3 Reliability and maintainability _ 


The level of service, i.e., tranamission performance..and overall system | availability (see 
Chapter 3) expected by business data communications users exceeds the level of service 
expected and delivered to subscribers on a typical residential petwar’ Similarly, expectations 
of residents will increase as the residential services provided « over the cable evolve from 
entertainment services to houséhold business ‘and other ‘protessional ‘services. The cable 
operator should be sufficiently coricerned about setvice presentation to make the necessary 


provisions because of the eee Impact én market deinand. 


Reliability measures consist of built-in ‘unions and: hacia: capabilities, as well as 
security provisions for isolation: and. denial.af service to. malicious. or malfunctioning units on 
the network. As with other factors -mentioned,. the longterm nature af the invesiment 
necessary to-imprave service might deter the. operstons. fram :making the necessary 
provisions. In addition, as W. Baer notes, ."...it is extremely difficuit:and expensive to "add’ 
reliability to a system at a later date." [8]. We do not suggest that the cable authority attempt 
to take on the task of désigning the network for the operators: Rattier ‘the authority should 
raise such issues and gather enough expertise to judge the respohses of the cable operator. 
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6.4.1.4 Communication services 


The cable operator should have the capability and commitment to offer both communications 
and information services. On the institutional toop ‘most operat do intend to “offer 
communication services, and the facilities are being designed accordingly. Although 
subscriber-to-subscriber communications on the residential reewotk may ‘be premature for 
mast communities, subsoribers will desire communications with.same,parties other, than the 
cable operator, ¢.g.. banks, gisines, information:services, educational and governmental. 
agencies. The technical infrastructure -necessary: for . communications services includes 
many-to-many -addransability,..|.¢.,-higher level. pratocals.to allow,. communication among 
subscribers and multiple serviee providers, in additign:te twooway.transmission {see Sections. 
2 and 2.1.2). Communication services require that the operator not involve itself with the 
content of communications; i.e., the operator behaves like a specialized common carrier. 


As with the telephone system; institutional usere ‘with -want-the.aption of attaching privately: 
owned equipment in addition to: that leased from tha cable operagar, 90 long .as:it does not. 
disrupt.or: damage the :network.: Gities:ahould encourage the epesatiomte offer many service 
types; not just private channele on: the institutional: network. The will allow, small bursty users; 
who generally do not require private channels, to: nenefit irom: sarvices, in.addition to larger 
firms which ‘generate: enaugh ‘traffic to: justify: leasing: an entire chanad. G0. long as, the 
network is well..eagineered for data. communications, -apecification .of-..particular 
communications services Can occur on anexperimentalisad ineremental.besia. 


eu Egy Fy ' Whe ot 


6.4.1.5 Interconnection 


Institutional, users will. require interconnection wath long-haul networks, while residential usera 
will dese interconnection. with neighboring cable nehwarks. More. than. just physical linkage, 
is. necessary; higher level cammunication. protecals mayat baestabliahed -and implemented in 
order to, allaw.effective. services: to..devalon... To. this..amed, the,.cable, authorities should 
today an industry-oriented process. 


The number and type (over-the-air, local origination, data) of channels interconnected can.be 
specified by the authority, leaving final decisions tothe <eperaters,;in: docordance-with 
restrictions on content segulation (eee. Chapter. 5)... latercennection: af, facilities (e:9., 
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microwave links) and operational procedures can be implemented on an incremental basis so. 
long as provisions are made for city input. The cable authority can nae? enforce a timeline and 


reserve the authority to review channel selection. 


6.4.2 Operational requirements 


The appfication of cable’ networks to data communications requires ‘more than upgrading the 
technital capabilities of the system. As‘ discussed in Chapter 5, use! of the cable for data: 
communications applicatiotis-blur the distinction between commen carrier: and broadcaster. 
Therefore, in establishing ‘the ‘regime for data, the cities must address: structural and 
operational issuesin order 'to ensure the best use of this: medium. 


6.4.2.1 Leased Access 


Leased access provisions have been included in many franchise contracts, but as with two- 
way requirements, their meaning is unclear without-the mechanisms to. implement them. In 
Section 5.3.5 we discussed the importance: of :leasedi'aecess: to: the: operation of data 
communication sarvices: via cable. Cable operators have 'showe considerable resistance to 
leased access provisions, but unlike reaistance to uther city demande, tis not primarily due to 
the financially burdensome natire of the: requesti: implementation of teased access channels: 
entails minimal costs beyond the: opportunity. cost ‘of other. channeiouses!*°. Given the 
abundance of channels’ on newer ‘systems; this: opportunity: cost ie not. yet:high; although. as. 
the demand for services grows, this opportunity cost will grow. Regardless of the opportunity 
cost, cable operators are wary of the inflexibility that leasing of channels implies. 


Fhe cable industry as a whole is concerned ‘about the: prétedeits set by: leased channel. 
access; namely, legitimizing prograriining control eVera pertiori of the communication facility 
by a second patty; and behaving ifi’a manner which resémbies a daminori Carrier. "he idea 
of first-come, first-served ond cable television plat, asstiming thet’ s: What’ Ieasifig: means, is 
pretty distasteful" ‘27: One-multiple system operator, POT, has:a-6é/porate policy not'to offer: 


Fi laseclone apie cele could have been received hed the channel been used for 


127) arty Howe, Vice President; ATC; & multiple system operator. Cited in Cable Vision; (62)... 


112. 


leased access, only to offer joint ventures. This is in support of their betief that, in accordance 
with first amendment rights, the operator should:retain contro! over-all programming on its 
facilities: Others in the industry fee! that if leased access is’ rejected; the risk is greater that 
cable operators wift'‘be forced into common carrier: status’: Sum others in the ‘industry: 
consider leased access as an attractive source of revenue through leasing iia and of 
increased subscriber penetration due to the enhanced services s available. ~ 


In many cities, -no. one has yet requested to lease a.channe). This. situation, will begin to 
change when data services are implemented. Data, seemingly more than video, lends itself to 
entrepreneurial endeavors; ‘note the diversity of parties interested in videotex and teletext. 
This is partially attributable to the ability to target and charge users:directly.. To date, the 
newspaper industry has expressed the most interest in leased access. They are joined by 
security companies, other information providers, banking institutions, and local broadcasters. 
The American Newspaper Publishing Association (ANPA)" reports” that’ more than 60 
newspapers have arrangements with local cable operatars ta pragram news and advertising 
services. Of these, 48 use one or two channels on a full-time basis. Joint ventures between 
the ‘cable ‘operdtor and ‘the ’ newspaper account’ for 13: Gf these, and leased access 
arrangements account for the praia te 35. ialeceihaes on a tcal anaes ‘basis [52]. 


Seis 


implementation inechasiete for Jeased. access have: not yet been. established. The. following 
example of a leased access. provision in.the. New. Orleans. franchise addresses the potential 
contlict-of-interest of the cable operator, but does. not address. pricing. or technical 
mechanisms for its sojution. {Note that as a concession,to the cable aperator, the franchise. 
contract explicitly states that the provision of leased access by the operator shall not 
contribute to its being classified asa common carrier.) [20} ee 
- Graritee‘shail offer leased channel service on the Home Subscriber 
Network to all residential and institutional sp 
non- discriminatory rates and on reasonable terms and ‘conditions. 


’ Grantee ‘shalt not usé its position as a cable Gdrinlaniéations. ‘eystern © 
Operator to refuse leased: channel service to. any.epplicant lad 


~ operate as a common carrier rior shall-Grantee be deamed to-bevengaged = _- 


2B stephen Effros, executive director, Community Antenna Television Association (CATA), cited i in Cablevision, 
Ka 
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in such operations. 
in the recently settied Boston jcasebiess the local. authority baa attempted to. eliminate this, 
conflict of interest by giving:cantrot over operation of the leased. acgess channels to.an entity. 
thatis. entirely separate.from the cable operator, the Gable Television Access Coalition. = 


A number of difficult issues ; must be resolved in “onder to ettectively implement leased access 
policies; in particular, we will address the following questions: 


1. What should be inctuded ff a teased channel, be:, whieh headend:services? * 
2. What role should the cable authority play in the rate-setting process? -_ 

3. Should channele:be priced-on a cost or demand basis? :- | i. vfs 

4. How long should the leening period be? 

5. How many channels should be: leased? 


6. How should demand be accommodated once bias sonnel 


fi 3 


The: pern and operator must identify which. facilities a we to be: picid in. the ‘aie ol a. 
two-way channel; in: particular, which head-end facilities. are. considered. part of the Jeased. 
channel services. On some systems, the channel will include only the frequency transiation, 
and sighal processing done at the héadend. ‘On-cther systems; ewitétiing and addressing 
capabilities; tocated at thé headend: may be’ considered as ‘part’ of two-way-eivannel service: 
The decision strould‘be based on which capabilities’ service aioe néed:'in order to 
arenes compete with the cable ppiaeant Laas tatercing ahiaeal tthe! 


The cable authority must address the setting: and- cacwiirisias at faae. to. both iene 
subscribers and communicatign users. As was.discusred ip, Saction 5, structural. regulation is 
snenly cabelas to economic regulation; Rei al the: — hele eer oon ‘some 
channel access by soting rates’ unreasonably tagh Te eur mt ed dette what 
degree rates should be get, or to what degree “market Jorces”” "rib, depended on to 
establish efficient rates which are close: to cost. ,Beomusetheneieconly-ene-cahie-oparsior per 
community, competition is limited to that posed by alternative media. In the case of residential 
communication services, the competition is the local telephone company; in the | institutional 


market, both the telephone company and DTS special carriers (é66 Séction 4.2) are sources 
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of competition. The authority's decision should be based'dn thé presence ahd strength of the 
competing media in théir Corhmunity. While various distribution media Might be in operation, 
the comparison must be made Betweeri media that serve thé Saine’ market. For instance; two- 
way video téléconferencing i$ not fteadibie over the Skisting telephone -ldtaltoop plant; nor 
over any of the alternative focat distribution -nvedia-Gurrently In’ place? similarly, most‘ of the 
alternative pay-television services (HBO, STV, etc.) wil nét compete In the’ pay-per-view or 
information services markets eee they stil two- wey capacity: 


The goat in imptementing leased access is to allow a diversity of information service providers 
access to the cable network ina manner that’wift alldw thei 16 Conidete on-equartentis with 
the cable operator. Because the cable operator is Itself ar intérridition service provider, Le., 
complete separations are not enforced, ptovisidié' ‘are needed ‘to prevent this poterittal 
conflict of interest'from distorting ‘leasing charges: thereby nines ee - Therefore; 
any pricing mechanism should strive for thie foltowing rests: ome : 


SCombettive x service Biroviders are not discouraged from using the cable television 
nétwork Wher! its: the ‘most’ wictinicely’ ‘appropsrita Hiei simapa ee ES 
Mase *  s 
- Competitive service sptoviders face the same coats in providing t their services that 
* the cable operifior does in providing similar Bervites. 
af guste.) huis gett cw. byt 


- All service providers, are treated fairly and equally, .. 
- The cable opérater does not extract excessive: préfits duete iis monopely power 
in.the market. Excessive profits would. cacti." Subscriber, sates,.and would 
inhibit demand and extension of network facilities. 


aryey 


- The pricing structure should establish. economic: pee snassaoniicn! efficient 
_luse of scarce resources, such as upstream bandwidth on subepiit systems. . 


The pricing mechanism uséd to sét leasing fees shouldbe based’on the premise that the 
cable operator is mandated to lease a specified numbér of Channels. This efimiinates settle 
of the: incentive for the operator to set’ — od sisal as to iabourége: alain service 
providers! 


We briefly discuss two types of pricing mechaniems; the first ts rate-of‘return (ROR) and: the 


1281, those instances where no leased access:market develops over ee extended periot!; the operator might be 
allowed to use the channeis on a short-term basis. 
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second is open bidding. Extensive economic analysis and evaluation of pricing mechanisms 
for leased access channels is beyand the scope ofthis report, We believe that interim leased 
access policies can be implemented without thorough resalutian.of pricing issues, and if need 
be, that they should. But, in. the. long-term, as.,the markets for information and data 
communication services develop, the. importance. and, gomplexity ofthe markets will make 
rigorous pricing mechanisms necessary. 


Most parties, both operators and city authorities, agree that the complexities and 
inefficiencies. of traditional rate of return regulation. shoyld..be avoided (see Chapter 5). 
Nevertheless, the problem remaing for operators to..set Jeased, access rates, and for 
authorities to monitor their fairness. Rate of. return regulatign_appligd to cable. television. 
leased access channels. (not to the entire cable. network) requires, calculation of average 
variable. costs, and of a fair, figure for.the percentage return, Cable television poses a unique 
problem for regulators that is not faced in, telephone, regulation; namely, the marginal cost 
function is not continuous. Marginal cost is close to zero when the channels are empty but it 
increases discontinuously, and significantly, when the channels are. alll occupied. because the 
cost of installing additional facilities i is large. Therefore, sO long as there is additional capacity 
on existing facilities, marginal cost is low, 3 reflecting low. risk, and ROR pricing on the leased 
channels based on average cost allows the cable operator an equitable return on its facilities. 
In this instance ROR regulation succeeds in prévaitting thé operator ftom exptuiting its 
monopoly power: by pricing access ‘high above marginal. cast;.byt, because the ROR price 
may be ‘lower than thd riarket: clearing Brice, demand ‘Cat’ excited supply and some 
mechanism, such as a lottery, is needed to allocate the limited available spectrum. “When all 
channels: become” occupied, marginal -cost is ‘suddemygromer: thar: ‘average cost, reflecting 
the high risk associated with installing ‘n new plant, ‘and ‘| ROR regulation that requires the 
operator to accommodate additional demand at a price hased gn average cost, is, no longer 
equitable. In addition, the marginal. cost, function for _uAstream & and downstream access. will 
differ on subsplit systems due to relatively. scarce upstream capacity, Jn. conclusion, ROR 
regulation for cable television leased access must take the discontinuity of the marginal cost 
function into account, which complicates an already difficult task. A bill which is under 
consideration by the Massachusetts’ State senate propose@ ROR pricing for leased channels: 


No charge shall be made for such leased capacity beyond the cost of 
the Operator of providing it, including an allocated share of Pee. 
of public access; plus areereneec eet 
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Note that the Massachusetts Senate bill does not specify how this cost is to be determined, 
nor how construction- costs HOF additional facilities are to o be e accounted for. . 


As an alternative to traditional ROR pricing, cable authorities might- choose to mandate 
marginal cost pricing without actually engaging in rate of'reton’ regulation. In this way; if 
abuses are encountered, a basis for/action wilt be in place. Members ef the:cable industry 
have proposed that if marginat cost is used as the basis for leasing fees, the cable operator 
should be paid a<percent of gross or-net revenues to account forthe substantial capital 
investment made in the home. Others argue that price must reflect ty: opportunity. cost of 
leasing the channel. The actual opportunity cost is difficult to determine; although one pay 
television channel may provide large revenue streams, it does not necéssatily follow that an 
additional pay television channef will’ ‘also ‘return ‘sich high revenues. Alternatively, the 
opportunity cost could be equal to the revenues generated on the least:lucrativé ‘channel, 
since it is that channel that would. be Superseded by the new application. A complicating 
issue is that some channels are technically unsuitable for Video, but, an be used for data. 
These factors must be taken into account when calculating the opportunity cost ot a channel. 


Bidding, or auctioning, is a pricing method that does not dépend ofi accurate éstimation of 
cost, rather the charges should reflect markét demand. Bidding Gan be implemented in a 
number of ways. “For example, the operator Gan Set an initial rate ‘and sérvice providers ‘can 
bid'the price ap ‘or down until ‘all channels are leased. ‘When the leading period i is over, both 
new and existing ‘service providers ‘bid for access, giving the “existing: ‘service a chance to 
outbid newcomers and thereby protect its investment: this ‘should prevent ‘investment from 
being inhibited as a result of uncertainty ‘posed by the leasing process. Charges for upstream 
access on residential subsplit systems shouldbe’ ‘higher than those ‘tor downétréam access, to 


encourage efficient use of ue relatively scarce upétreain bandwidth. 


7 


Bidding does not require'as: much government intervention.in:the setting of rates. But; neither 
does bidding prevent the accruat of monopoly: profitsta the operator: Nor-does it eliminate the 
relative advantage of the operator asa service: provider; -namelysithe operator does not face 
the same access costs as do the other service providers. On the other hand, if the cable 
television medium is not in high demand, then the operator may be forced to lease access at a 
rate below-average cost or marginal cost, ‘and theretore-below te:own-cost.-in-the long-term 
such a situation should not persist; if it does, then-it-refutes the need. for: leased access.. 
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The competing service providers must base their ‘bids,on estimates of market demand | for their 
respective services. These market demand estimates. should take into account many. factors: 
number of subscribers, penetration level, and the price elasticities for use of the cable 
medium by service providers'*? . . Thereiare very few information snd data.communication 
service providers in operation, which limits our ability to. calculate: the masket elasticities. tf 
these elasticities are underestimated. then competing. service: providers. will bid the leased 
access rates too high; resulting in excessive costs to-sarvice: providers; - These high costs 
would be passed: on to: subscribers and. would . en eee ere oe 
suppeessed market demand... oe Pa reas tg th 


Desnite the e fact that bidding does not achieve some ot the  eitera listed above, itisa ‘possible 
alternative to ROR regulation. “Bidding has also bbgen, prop osed as a method for leasing | of 


telat ota 


Ft 


satellite transponders. 


ap aoa 


There are difficult and important implementation questions which are common to all pricing 
schemes. These include the proper ‘leasing ‘time- period, ‘and ‘the handling of transitions from 
one leasor to the next, ie., ‘What happens to the  Gustomers of an information service ‘it the 
service provider loses 4 renewal. bid? Units of leasing | for. communication services must, 
accommodate on- “demand intermittent Access, 88 well as as dedicated, circuit, access. On- 


demand access. is suited Je a two part scheme with a fixed access fee and a usage sensitive 


igo 


channels on n the residential, network t to information on providers roles the ‘qvegion 0 of ¢ contract 
length. The. information provider and, subscriber Geaire stability, while the Gable Operator 


a HCY 


typically desires Hex: "The epaomte longest. spi e we like. to, songider, thege seve! is 


pay us back in two. years." 194, This comment rellecis wo 9 mn mewhat separable co goncerns on 
the part of the cable Sheraion the length of the payback period, and the length of the 
commitment made to any. eingle service. One resolution fon.the:short-term-is to allow the 
operator and service provider: ta. decide these detaila; overseen:-by: the cable authority to 


assure that community goals. are being met-and that any. complaints ior: the part of service 


130pyice elasticity of demand is a measure of the effect that an increase or décrease in price has on demand, i.e., 
it demand is highly elastiethen a email inoressb in ptice-will lead: to aerohertionatey terge decrensein demand. 


'S arty Lattérty, Cox Catte| cited th'Cablevieion, [82]. 
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providers are addressed, via interim reviews and,.if necessary, the. courts, In the long-term, if 
demand for two-way. capacity continues to exceed supply, then.the cable, operator will find it 
economically favorable to expand. capacity. The reduced scarcity will reduce the uncertainty 
of service providers. and subscribers. Eventually, the cable industry may,hecome, convinced 
that the information services market is. sufficiently active to. make complete separations 
acceptable. be eet wae key fase. Sd 


In addition to the rate policies, the authority must determine the number of channels to be 


seas Geller and Barron [27] propose the following channel assignment scheme’ _ 


- 30-49 channel systems -- 5-10% of the channela Behe d Bhi 
- 50-99 channel systems -- 15-20%. 
- 100 or more channel systems -- 20-25%. 


Subsplit, single- cable, two-way cable networks ' ‘only ‘aécommodaté® ‘four to five upstream 
télevision channels. But, a single telévision chanivel cain be subdivided using frequency 
division multiplexing (FDM) to accommodate ‘multiple Yased abicass service providers (see 
Chapter 2). The authority must also establish procedures for accommodating detiand when tt 
grows to exceed supply. Traditional common | chiripts are require to ‘add: more facilities to 
meet demand. Unlike the telephone. company, the quantum clove necona voice. circuit, 
but an entire cable of 50 or more channels, i.e., thé’ quanta of Edpaélty-and ‘dst are large. 
Unlike electric utilities, there ‘are no‘diteriatWe Service provideld orf which'td offload demand 
until a critical mass is reached which Warratits Kew cdiistriction’. Hi'bddition, the Cost of new 
facilities can'‘not’be sptead “over ratépaye # throughout the ‘state, ase’ the’ Case ‘witli dither 
utilities. if cable opérators are forced to aéconiodate ‘few aéifianid, they may discourage 
usagé so as to forestall the Capiti! investirdnt if ‘ew plant. “There must be pent Up deniand 
before the’cable operator can, or should, justify itivesting iti Ttisitiition’ of additional cable 
facilities. One dltertiative té adding neW'cable 18 mdre Intensive usd of the existing spectrum. 
This would require upgrading of all madein'eqiilimiertt taNGugh thifeaeible in residences: this 
could be feasible for‘institutioraf appiichtienay. “For ‘eKaiTine! Contention secess schenie 
which makes more efficient use of upstream bandwidth men ‘Goes EON ont | be used to 


fee VEY Pie 


pers 


subdivide a single upstream channel. 


32The particular numbers chosen by Geller and Barron se somewhat arbi but select the pei that the very 
BP Uilinkanratince idl Gtr amatier sywcdina® © 


A possible short-term strategy for cable authorities is to enforce ‘a timeline for implementation 
and announcement of rates for leased access channets, but to withhold judgment on 
additional rate and access policies. The cabte authority and the operator would agree upon 
interim review précedures whereby those market imperfections that might be evidenced 
during the specified experimental pertod could be rectified with appropriate ‘pricing policies. 
During the experimental period, the cable authority could collect data on the rate levels, as 
well as the non- discriminatory, first come first serve access policies of the cable operator, for 
use during interim reviews. This strategy would avoid the uncertainty and burden of 
continuing intervention by the cable authority, while giving the operator t the incentive to price 
access fairly enough so as to avoid rate fegufiition at the time of intérimrevi 


6.4.2.2 System expansion 


Cities typically set. provisions for assuring adaptation at new technology which becomes 
available, and economically feasible, during the. term, of the franchise. The following is an 
example of a "state-of-the- art" clause taken, from. a. proposed bill before the Massachusetts 
state senate [40]. 


_ All CATV operators in the commonwealth shall make. available, on each 
of their systems, any services that the same Operator makes available 
on any of its other systeins, ee ee er ener 
become available fram time to time, : 


It uses as its Criteria for state-of-the-art, technology. adopted - - cperaice an other systems. 
The assumption is that.the operator will offer these new. technologies only as is needed to 
compete with other operators | in the course of franchise, contests. . achis.pravision, attempts. to 
grant old franchises the same treatment as.new. franchises, thereby.protecting, the system 
from obsolescence. If these provisions. are. financially. burdensome, operators might be - 
discouraged from including new technologies on any. networks; particularly ance. the. cable 
franchising process is over and the. competition, .with.other. operators for new business is 
reduced, The authorities should provide for interiectiog,and review, of community requests for 
new technologies during interim reviews of operator, ce and rates. . 


As we discussed in Section 6. 4. 2. 1 a particularly complex Problem arises in regard to leased 
access. To what extent is the operator obligated to accommodate increased demand that 
exceeds its existing channel capacity? A procedure for detecting and reacting to this situation 


SHEN # Wit 


should be established. This pracedure must detect when pent-up demand has reached a level 
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adequate to assure coverage of a fair portion of the new plant. At-the same time, the city 
should discourage the cable operator from teat Reelf-as a result of mismanagement 
or overzealous external pressure. "4 


6.4.2.3 Separation of institutional and residential networks 


an é ste, SG} 


Some cities require that the institutional network, be "provided, operated, and managed 
through a separate but affiliated corporation ... so that the costs and revenues of sugh service 
can be differentiated from those of the Home Subscriber Network" [20]. This arrangement 
can serve to protect againet any cross subsidization between residential. and: institutional 
services which might otherwise occur.do.to differences: in: the elasticities of the respective 
market demands and franchise restrictions on residential subscriber rates. Other cities have 
taken this one step further by requiring that the institutional system be operated by the city as 
a municipal utility. No such systems are yet in operation, leaving us with little empirical 
evidence as to the relative merit of these approaches. _ 


6.4.2.4 Operator liability 


in preparation for extensive use of institutional network services, cable. authorities must define 
the liability of tre cable operator for providing. a.taliable (MTBF); maintainable (MTTR), and 

secure network to subscribers, information: services, and communication users. Some 
customers will require and be willing to pay for more-than:. others; ‘Fhie-prabiem is not unique 
to cable networks and is not treated: in: depth: hete...Fos-the most: part, it is unlikely ‘to be 
adequately addressed until services .are in: -wideapread use.: The privacy and security 
problems discussed in Section 2.3.2.2 lead-some to: the-conclusion that: the-cabie network not 


be used for sensitive services that might be targets of maliciousness'™. 


6.4.2.5 Privacy 


{f and when residents and business users begin to mistrust the privacy protection offered by 
the cable facilities, it will be in the operator's interest to provide a high degree of privacy 
protection to maintain and encourage use of the cable facilities. Unfortunately, in the 


133 cotter, J., Suburban Data Communications via CATV -- Gigi icael iene Working Paper, maapeibii for 
Computer Science, M.1.T., May 1081." : 
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meantime, damage to individual privacy and the: hardeniag. of uneatiefactary: practices can 
occur. Therefore, the.cable authority ahould mandate some. preventative practices, as. well as 
provisions for future review by the city. Privacy provisions aeuid include:both. protection: of 
data stored in centralized facilities, and protection of communications transmitted over the 
cable. The privacy guidelines proposed b by Warner. Amex exemplify @ concern on the part of 
the cable industry (see Section 2.3.2. 2); although these provisions do not include desirable 
restrictions on the storage of infortiation Ww ‘a ‘ern whch can y be traced to 9 particular 
individuals. | | eae ty oe : 


ark vb i ant hy ae 


Although ‘adequate: treatment:of this subject is. beyend the scape: of ‘this: report; we hope to 
emphasize that & is:a sdeial and economic policy istue that deserves extansive public debate 
and research. ; hur UPB al meet aa tat > 


poyebe os 


6.4.3 State policies 


Currently, only eleven states regulate Sable. Consequently, cable policy is established 
primarily at the local level. As systems interconnect, jurisdiction will move into state and 
federal domains. State governments play a potentially important réle'in éstablishing state- 
wide guidelines: and standards for cable: networks: -ietuiled: and opetated: throughout the 
state. in addition, the state: should officially grantioval guvestanents the autiority: needed to 
govern cable’. State-governmentatsodies ehowld: contribute: technital expertise. and 
resources, not avaitable‘at the: iocal-level,se aid the niunidipalties,: This could improve the 
quality of decision-making,_pave the:way for future: eystentdntertonnection, and:perhaps help 
to isotate cable policy from other localpotttioal lesues ahiohtaw no ‘relevance to cable but 
which: nevertheless : oe decisians. due: to’ scien rain aches oval: cable: ee 
process. mage oct ede gorge oe ole ste sae guages 


134+ puts them in a stronger position and protects against the precedent of the Boulder decision. 
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6.5 Summary 


We address local and state policy makers in emphasizing the importance of establishing a 
suitable infrastructure for two- “way ‘data ‘communications. Because of its desirable 
applications and the need for advanced network planning, most cities should assign high 
priority to the data communications infrastructure which consists of both technical and 
operational requirements. Nevertheless, demands should be moderated by an understanding 
that increased demands in one area of System, capability implies, reduced demands i in others, 
because of capital constraints, financial burden on subscribers, and.negotiating strategies. 


The cable authority must also decide to what extent: it sheuld, or must, participate in 
implementation specifications, beyond the level of general infrastructure. In making this 
decision, the cable authority shauld be aware of which capabilities:must: be incorporated into 
the initial cable design and which can be inislemented'in later stages) without’ incurring 
prohibitive costs. . it should understand the costs and: trade-offs and encourage: the cable 
operators to make some compromises on near term cost minimization in: return for lenger 
term capabilities. But, at the same time, the authority must be prudent in its demands and 


avoid overextending the cable operators’ resources. 


pai: 


The operational infrastructure for data communications ‘primarily ecnaists of “anicuwal 
regulations which will adequately: separate the cantent.and carriage-tunctions combined in 
the cable operator. Leased access provisions, which.set aside:a.portion of the cable network 
for operation on a common earrier basis, present-an -attrastive.altermative for reducing the 
conflict of-interest posed. by the cable operator's combined cantemt and carriage functions. 
The pricing scheme applied. to. leased channels should be carefully selected: to eliminate the 
incentives and ability of the cable operator to behave.in an:anti-competitive manner. 
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Chapter Seven 


Conclusions: 


Cable television networks applied to data communications are unique and valuable municipal 
resource; but their utility will be determined by the ‘versity ot séNices, and’ Service providers, 
that are accommodated. Maximum utilization requires: a ey. <B ee 


- A: technical infrastructure. that aceommodaties multiple. servera-and a vasiety of 
service characteristics. 


¢ 


- An operational infrastructure that ensures: network access to a- multiplicity. of 
service providers and communication usars, i - sate 

The efforts of both the city cable-authorities and the cable-industry are necessary to construct 

these infrastructures. 


7.1 Network planning 


The access scheme used. will determine the future viability of the sework for switched any-to- 
any communications. Currently, two-way comnumications on cabie 46 conceived of in terms 
of polling for residential: networks; and ‘pomt-to- point FOM tinke for inettutional networks. H 
cable is to fulfill its potential as:a data communications medi, gyeterhs must be designed 
with the technical capabilitiés for implementing more | fexible iconimenications techniques 
such as contention, and DA-TDMA. Eventually,’ additional higher-level ‘protocols wit be 
needed to support interconnection of cable systems with each other and with other networks. 


The noise and ingress on existing, as well as future, cable systems will be the largest technical 
hurdie faced in implementing two-way, quality data services. The use of bridger switches, 
while quite appropriate for a polling architecture, is not compatible with distributed 
networking schemes desired for city-wide business and residential communications. 
Therefore, other methods of reducing the noise on the upstream channel must be found. One 
seemingly appropriate method, is the use of digital regenerators, in parallel with some of the 


124 


return path amplifiers. “In addition, aggressive maintenance procedures must be 
implemented. - ‘Ingress from interfering sources is greatly increased by leaky conneéctors. 
Most connectors must'be tightened. once or twice ae insure proper fitting. 


The high. cost of installing cable will be overcome by, the profitably, at Pay TV services. 
Similarly, cable systems will be updated to meet franchise, renewal requirements. In same 
areas new cable must be laid, in, others, only two-way amplifiers modules need be installed, 
and the headend updated. All construction planning should fake into. agcaunt the relatively 
law marginal cost of adding excess capacity at.the time.of construction, (either original. or 
rebuilding construction) as compared to the high marginal cost of adding, additional capacity 


after construction. 


The proper architectures and. media (e.g. cable vs telephone). far. future transaction, videotex, 
and data.communications services. is irrevocably tied. to the applications that develop. The 
use of wideband media cquid well be. overkill for textual. transaction. services, Likewise, the 
use of phone lines is unacceptable for heavily used. interactive image. or facsimile services. 
Potential information service providers must make.a.thoughiful assessment of what is likely to 
be needed, demanded, and accepted in the.next 5, 10, and 15 years. 


7.2 st rategies for the cable inGusTly 


tee 


The challenge. facing. the cable induntey is to. ‘asutieh a communications, infrastructure. that 
will support...a,.yariety of information.. and data.. communication .services,..as well .as 
entertainment services. Initially two-way communication. capability between. subscribers. (or, 
users). and the headend. will be adequate. But, switched. any-to-any communication will be 
needed.to a¢-commodate future. growth. . 


In the long run, to be competitive, an information service must be deliverable over a 
multiplicity of communication media, since the availability of ‘appropriate cable or telephone 
facilities will vary from city to city . Likewise, the Commufiication services offered over the 
cable network must accommodate many services from a multiplicity of sources. The cable 
industry should encourage the growth of other information service providers, since the 


success of all information services to the home and business rests on the existence of an 
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information marketplace which is. attractive in the aggragate. Because:all services will be 
accessed via common interface and ansmissioan facilities, theyimustibe-suffigiently attractive 
and varied to warrant the initial inveetment. To the same end.of encouragiag-& multiplicity. of 
services on the network, cable operators should encourage _resident-to-resident 
communication’ applications.” Person-to-person’ or Interést group ‘Communications. ts the 
primary application of most existing computer hetworké, Iv particular the eteétrénic’ buttetin 
boards used by hobbyist, i:e. pérsGHili coMptiter Owner®. More market dfudy fa‘nieeded, but it 
is likely that there will be a miarket'for such servicda’ aiiGAg resident aswell: Such services 
will place added pressure’ on nthe operator ‘to: nic Wierd — wer iaicueed sabets 
of cable communications.” Fe 


In addition to in-house research and development efforts, the cable industry should 
encourage’ devetopment of ‘othd? pleces necessary ‘to make ‘data Cdinmuntcation ‘services 
economically vidble; in-parti¢ular, affordable home térhinats'and tiddeit deVeldpitient: “Some 
of the major cable component manufactorérs ard Beekirit Git veittités with estitbiistted data 
communication firms to:gaih tie much’ rieeded' éxperfive ‘th this field! examples are General 
Instruments and Sytek, ‘and Scientific Attantir and Aridé& eee Appaitiix A): This 4s providing 
the cable industry with the té¢hiticat workforce: ahd! the Gata comiunication ‘firms with the 
large amounts of capital necessary to produce equipment on the scale necessary for the 
cable television industry. 

Lunpaldscverts aot ouitebert, . 
In both the residential and institutional markets the operator should offer / aahie: channel 
types -: broadcast, point-to-polfit; “high ‘speed! Fow apedd?! Hedidlited:~ bursty? th the 
institutional’ market, on-demand’ ‘cotrtmuritcation ‘services shodid be diféred®in’ WaaROn ‘to 
dedicated private tind service. On:demiarid' service - Waited’'th the Wierhtittént ndatiire oF siiatt 
businéss communications and promotes éxpdrinentation: “NGst WnpormAfy, the breddcast 
nature of cable network communications is suited to Srey see pacha ‘comnunications; 
this feature gives it a competitive vance. over telephone Repeats gi facilities. The tariff 
structures adopted by the cable operator should also accommodate intermittent users. “That 


is, charges should be based on the data pelgeita not the Comection hla a 


SES air GP oaiyesaid bon or 
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7.3 City policy 


We address local and state policy makers in emphasizing the importance of establishing a 
Suitable infrastructure for two-way data communications. Because of its desirable 
applications and the need for advanced network planning, most. cities should assign high 
priority to the data communications infrastructure which consists of both technical and 
operational requirements. Nevertheless; demands'should be moderated by an understanding 
that increased demands in one area of system capability impties reduced ‘demands in others, 
because of capital constraints, financial. burden an. sai bal aaci negotiating strategies. 


The cable authority must : Alto decide: to on extent R shoutd, or must, participate in 
implementation specifications, . beyond the level of general infrastructure. an making this 
decision, the cable authority should be-aware of which paresaimagiiaashas incorporated into 
the initial cable’ design and which can be implemented ‘in later stages, without incurring 
prohibitive costs. it should understand the: costs and: trade- offs and, encourage the cable 
operators to make some compromises on near terri cost tinimizationr in’ return for longer 
term capabilities. But, at the same time, the authority must be prudent in ‘its demands and 
avoid overexteniding the catte eiacuntid seoreleee a 


The operational infrastructure for data comieuiig vias Gi of a structural 
regulations which will adequately separate the content and carriage functions combined in 
the cable operator. ina Speech before the National Association of Telecommunications 
Officers and Advisors (NATOA) Convention ®®: N. Miller described some posible a abuses that 
might arise if this separation ‘is net achieved: - BEBE SP SIA EAE 


.. cross subsidizing the program costs from the.facility's construction. 


costs and revenues, . nncPrice discriminating ir in faygr.of its. own... 
services when a competitor seeks to use the facility, or .. simply 


limiting the capacity of the, pratense psiailen nervigns can, ith 
on the system. : 


As a society we often hesitate to intervene in market operation as a means of directing 
technological ‘development. But, in ‘this instance, a I ‘in. others, we, must recognize that 
support. se me statue: AUG: in. twat wil determine’. ned eons o — oneyesION 


BE 


135 ler, N., Speech to NATOA, October 23, 1981. 
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technologies and markets, as much as, if not more, than support of. new. atructurel 
regulations. | 


7. 4 Suggestions for further research — 


Further research in the following areas is. regulon ioe ability of cities, and. the industry to 
effect the infrastructures described above... 


- Market research is néeded to ensure’ cable’ operators of a firianclally secure ~ 
environment in which to invest. This is particularly true of the residential market. 
This. research must eacompass.fevelapments inihome tanminale and inisemation 
and transaction services. The cable network only comprises the communications 

“medium ‘that’ will link subscribers with’ Gach’ bttier ata Wit service providers; 
without affordable home’ terminals, and: attrantive servioes, iherd:willbe:nc: need. - 
for such a link. In addition, the nature of, these services and terminals will. 
determine the relative attractiveness of cable vision as the communications 
link, versus the télephone técal bop fe:gi) the need for high Bandwidth graphics). 
The traffic. generated by this market. will in turn, determine the appropriateness. of... 
the various 3 ACCESS schemes described. 


. Es asnniontal research is needed -to.: saaanaad tharactarize the technical 
limitations of upstream communications via existing cable television systems. 
Technical mechanisms for combatin problems and their ey costs. can. 
then be “evaluated ‘ahd’ aca to ore Of rebuilding “w versus 8 upgrading 
existing networks... Ben vegbluneh 


. - Higher level protocol standards are needed to support "Ghtective and efficient 
networking. Development ‘of adequate but’ ‘iat’ “constricting” protocols is 
necessary, along with general research into the.standard-satingayecess 


- Sound leased access pricing mechanisms: brea ‘that’ will accommodate 
growing demand, efficiently and with community ft rests \ matisfled. 
2 Meer ati % o HOD & 

- The potential for privacy abuse, which is’ iti yt ida Bol’ ici 
and communications technologies, is a social and economic polity ‘issue that 
deserves extensive public debate and reseaich: 


- City authorities and communities, along wi h regponsible cable, aperators, must 
address: methods ‘fot making these services and ‘facilities available to the 
information poor; as :yedll-as. thee information-vich: Fheswhtertial-ededitionef value 
of the services, as well as opportunities for increased "technical literacy" to those 
households with access, will otherwise only serve to widen the gap between these 
two groups. 


ms 


footy thy ee rec 
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Appendix A _ 


Provider Hebsleadady Structu re: 


RGU. ate 


"Snapshot of the industry, January, : 982 


wi 


The cable‘industry is currently af entertainment distrisdtion and programining.industry,.not.a 
communications industry. The: provider ndusey ‘for duta services: over cable comprises a 
number of participants: cable operators, cable and components manufacturers, modem 
manufacturers, LACN vendors, in addition to the information service providers w who will | be 
both customers and suppliers. What follows i isa snapshot ¢ the cable industry as it looked i in 
January of 1982. Given the rapid changes i in this field, the reader should regard this only @ as sa 
OMfivs MOGG Does SiOeE trem 


representative sample, and should consult tthe trade } press tor m more current information. 


SS ovitme ta 9 isate ae dy get: 


A.1 Customer Premises Equipment Companies. 


There are three types of firms that manufacture cable interface units: those that design cable 
converters for residential use, those that design POM i interface uriits for’ institutional markets, 


7 paw Ue ¢ 


and those that Geel LACN interface units for private ‘Sommer! meteors. hile’ the 


eis 


market. ‘the modem manutacturers have significantly 1 more ‘technical « expertise i in the field ¢ of 
data communications. “The LACN manufacturers have the m most sophistica ited distributed data : 


network expertise, but have no experience i in the shea Of | public networks, ‘and residential 
services. The following discussion of the key players in these mai iRets will’ exemplify the 
different approaches taken in addressing the residential and institutional two-way data 


communications markets.. 
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A.1.1 Converter Manufacturers 


A.1.1.1 E-Com ae 


a 


E-Com Corp.'5° manufactures both polled (TRU100, TRU500) and FDM (TRM202, TRM159) 
modems. The polled models operate qver @.260HMinz, and ‘HS ‘Mhz channels, and: dohieve 
data rates of 0.384 Mbps and 0.300 Mbps, respectively. The Reical price is from $50 to $125 
for residential terminals, and $200 for commercial terminals. The FDM modems can 
accommodate both point to point and point to multipoint communications. They operate at 
9.6 Kbps over a 100 Khz channel (G.096: bits /hz); and: 1.5:Mbps:over a 1.5 Mhz channel (1 
bits/hz) at costs of $750 per circuit end, antl €6800-66800.per circuit end, cespectively!?”. 


A.1.1.2 Control- Com 


Control- Com" , @ subsidiary of Burnup . and Sims Ang., “has developed an advanced 
communications network based on cable ‘technology, which they hi have implemented i in \ private 
areas such as the Disneyland Hotel. Currently they are developing a two- “way data system 
which will make extensive use of "area microprocessors” (intelligent bridger switches), which 
in addition to reducing me upstream channel noise, will alee hetwork eee 


: ott Pees o 2 ‘ 
fat brea ae anes “Easaee. Ts 


functions. 


The system will offer 9. 6 Kbps service, with an aggregate data rate of 50 Mbps. The polling 

sequence to all area microprocessors will take less than 1 second. 80% of all upstream 
communications is expected to be home monitoring . data which does not need to be 
communicated to the headend. Rather, the area microprocessor acts, as a subnetwork 
headend which receives all monitoring signals from home units 2 and only transmits those that 
require service to the headend. The effective upstream bit rate for each user is expected to 
be approximately 1 Kbps. More advanced network foptures can ‘also make use of the area 


136 formation on E-Com systems is derived from a speech given by R.V.C. Dickenson, E-Com Cér., entitled, 
"Digital Data Transmission on CATV Systems", at the Canadian Cable Convention, 1977. The President of E-Com, 
Robert Dickenson, was one of the prime developers of the data services offered by MCTV. 


1375. com equipment brochure, available from E-Com, Stirling, N.J. 


138 
1961. 


Information on Control-Com developments is from Personal Communications with Jim Crocker on November 2, 
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microprocessor, for example jamming detection. Logic for the interface unit is implemented 
in a single custom chip. ae rs ae 


A.1.1.3 Tocom 


Tocom has over 10,000 units of subscriber equipment in.use:in the U'S. and:Canada. They 
offer security, teletext, and interactive data’ rewieval: using, ai potting access control scheme. 
The Tocom 55 Plus was delivered in June 1981159... Tae: 5540A is .a two-way ‘home 
informational terminal adaptor. which : offers 55 teletext channels, in addition to interactive 
data retrieval, formatted screen data entry, and: entertainment:television. it costs $250 in 
volumes of over 10,000. The 5510A uses a color graphics display with internal RAM. ineret is 
both vertical blanking interval (vel) teletext, inc ul chan wet . 


The two-way interactive features include a built-id. return:trarnsmitter which can communicate 
with the headend on up to three different return frequencies. The terminal supports opinion 
polling, subscriber response, pay-per-view, and channel monitoring. . The. system supports 
aggregate sampling via polling for collection of audience Statistics, but does not aow 
individual monitoring, and does allow the user 7 to disable the inontoring: function. . 


Screen-formatting functions are supported for interactive transaction processing. Data entry 
is accomplished using formatted screens and a small keypad. 


The 55 Plus system also includes headend facilifiés catted the Prograthming Control System 
(PCS), $155,000. tt Contains: subscriber’ and proufemmlilig” data ‘bases ‘which “can ‘be 
maintained: via operator consolés. The PCS’ ‘comminnicates: ‘Gdntrdl information to ‘the 
Headend Video Processors(HVP),-$9,000 per chanriet coritroted. “It also’ provides ‘a return 
path for two-way communications. The HVP buffers and transmits the teletext Gata’ dn the 
VBI. A Selective Data Retrieval processor operates the full channel teletext. 


The Screen Composition System is used to enter the screen formats for subscribers. 
Communications with external computers for home information services, is supported via a 
processor which forwards external communications to the proper off-network site, and 
returns responses to the proper subscriber station. 


138 igh Technology Group, "Interactive Technology Review for. Cablevision’s Boston Franchise Application”, 
April 16, 1981. 
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A.1.1.4 Pioneer 


J 


Pioneer developed the hardware for the Warner-Amex Qube system. See:Seotion A:2,1.1 


A.1.1.5 Jerrold 


Jerrold.controls. over half of the. customer premises: equipment (CPE) market for: the cable 
industry... in addition to seaurity, entertainiwent; ahd: polling) Jerrold offers Communicom 
which ia @ two-way polling scosss communication system fenpiay- per view and opinion polling 
applications. The:modified converter costs $tSSaviich communicates withthe headend via a 
security interface unit. Teletentis. alsoolfered:. vise 6 8 ee an iy eF 


Activities in the field of in. Wey data have. not been agareasive. _This jslikely to change with 
the recent investment in Sytek Inc, Jerrold's parent, General Instruments. The planned 
system és: described in detail inSection A.t.31, <n ed os 


hab et ane facet ‘ Cy fix” Gate Cooke 


m. 1.7 ‘6 Oak industries: 


Oak industries developed the interface ynit used by Cox Cable for their Indax  system(Section 
A.2.1.2 below). 


A.1.1.7 Scientific Atlanta 


Scientific Atlanta manufactures. cable distribution...plant . ce iy 
conyerters. The newest Scientific. Atlanta equipment, manne requires a, $300 per-mlie 

upgrade. to receive and. transmit high, saeed-data''?, This. data _medem was developed by 
AMDAX. Ing.'*" and. will be exclusively marketed. teeter re ‘industry via 


Scientific Atlanta. tow oetecta rages 
? tee 3 
i ude } 
™ RS rt 
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Cable Vision, December 21, 1981, pg. 133 


“1 Se@ Section A.1.3.2 aes aad Pe 
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A.1.2 Modem Manufacturers 


A.1.2.1 Mitre 


Mitre designed the network eguipment-for the first:true. broadband. based tocal area network. 
Originally .it was.designed using a TDMA access .agheme, and currently runs.a contention 
scheme as well. The system runs on a dual.300 Mbz cable systém where:one cable was used 
for upstream and the other for downstream communications, exclusively. Mitre, a non-profit 
corporation, does not commercially sell its equipment; but does fwense its. designs. Current 
licensees include Digital Communications Corporation, subsidiary. of MA/COM. 


Although designed by Mitre private networks, the ‘technology is ow  aliG adapted, ‘by 
licensees of Mitre, to run on urban cable systems. 


A.1.2.2 Local Data Distribution 


Lop ‘42.143, eu an affiliate of M/A-Com, has recently completed a joint experiment with 
Satellite Business Systems, and Tymnet, in local distribution over both cable and, radio. The 
CARAVAN" involved two-way data communication over the institutional cable facilities of 
MCTV in Manhattan and Viacom Cablevision in San, Francisco. As otf December, 1981 there 


were two cable subscriber stations in San Francisco at an. average distance from the headend 
of 10 miles. The MCTV cable system in New York had six Subscriber stations. 


The cable headend transmits all downstream data in a TDM fashion to all subscribers in the 
high frequency band. Subscribers respond using, a TDMA technique in the low frequency 
band. The headend is linked point- -to- “point over, the, cable to a satellite earth station for long 
haul traffic. The system uses a 1.5 Mhz channel for 1 8 Mops Aggregate data rate (1 2 


42Richmond, R.L., Digital Communications Corporation, *Recemt: Advanédments in Loca Daté Distribution”, 
Working Paper available from DCC, Germantown, Md. 


43-585, TYMNET, LDD CO. Report Success in Local-Loop Demonstration Program”, Press Release No. 81-39, 
Tuesday, November 24, 1961. 

™44cyinton, W., Tymnet, Inc., "CARAVAN: Experiment in Wideband Local Digital Data Distribution", National 
Telecommunications onteraros, 1981. 


‘cable And Radio Architecture for Value-Added Networks. 
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bits/hz). Channel allocation and switching providing full connestivity:aseimplemented:at the 
headend. The cable equipment used is approximately 30% lower in cost than the microwave 
radio facilities which were also part of the experiment. Ape 


Digital Communications Corporation, another subsidiary of 44/A-Com;'and the designer of the 
modems. used by LDD, has installed a system in-the tad Célinas,'12;000:acre, easter’ planned 
community in Irving, Texas“*;, The system operates.on an-undetgrourid triple trunk, one 
subsplit, and two midspiit.. It te configured ina eingle hat and te curtently being upgraded to 
provide dual distribution 400 Mhz capability throughout the system. ‘The services ‘plafined for 
the network include residential videotex,(as well‘ad business data conmunications Of varying 
grades for small, medium, and large businesses. All peabkeead will be based on the DCC TDMA 
technology, with some additidnal | polling equipment ! as weil “Transmission speeds will be as 


high as 1.544 MBps, and will offer full connectivity be etween subscribers. 


A.1.3 Local Area Computer Network Vendors 


The past three years have witnessed the development ofa new, and still very small, industry ot 

LACN vendors. These companies design networking equipment for diverse digital devices 

and computers which are spread over a contained area such as é an ‘office’ building. “the state 

of the art distributed network products do not come from the manufacturers who have long 
Oanc 


been making modems for industrial cable networks but from "this ‘cr crop ot new companies, 
growing out of the mini- and micro: processor industry. ads 


U 


Both the industrial modem manufacturers and: thé LACN' vendors are gearing up for 
producing high speed data interface units tor intra: 5 tity communications. EDM and Polling 
equipment is widely available, while ‘contention and toma “eauipment is stil largely | in the 
experimental or design stages. aay 


A.1.3.1 Sytek and Generat instruments Eyes SAGE tee 
Sytek and General Instruments are jointly developing an advanced data communications 


Po Seanapete tO 


148) Silverman, P.Freedenberg, D.Schoen, “Architecture ies. fo te Los Colinas Reeccenon 
Communications Network", EASCON '81, Washington B.C:;, Newember, 1981 ie 
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system for cable called Metronet'*” . Sytek is a communications ‘consulting firm-which has a 


growing line of broadband based LACN products on the market, The LACN is called LocalNet 
and uses a contention, CSMA-CD, access scheme. LocalNet20 runs at 0.020 Mbps, and 


LocaiNet40 runs at 2 Mbps (0.33 bits/hz). ‘al Instrdments recently investea Heavily i in 
Sytek. General Instruments, through its Jerrold subsidiary, has extensive experience in the 
cable industry: Jerrold controls over half of fie Gable GUStGiierintertice unit, and distfbution 
electronics markets. The cumulative instaed terminal base thrqugh the end of 1980 was 
11,850,000, 52% of which were General Instruments products“ . 


Sea Fre 
JReLE TS 


Sytek, where the R&D activity for Metronet is centered, js still in the early planning Stages but 
they have set out requirements and a general architecture for Metronet with impressive 
foresight. For this reason, the details of the Sytek design’ philosophy are dutlinéd below. 


tapes boretiss 
aude qQ itaey 


Sytek has designed Metronet under the following assumptions: 
- Concentration on data traffic. 


- Equipment should operate on Subsplit systems, eperating at.26 Mhz in each 
direction (4 upstream and 4 Sowneiream channels of 6 Mhz each. ) 


- Primarily small business and renideritial ciatonere. 


- Bandwidth should be assumed to be scarce. 


. The network should, be designed ta withstand: hostile enykonroante: 
- User interfaces should be IEEE 802'4® compatitale.... The network itself is not 
designed to follow any standard. | 
The Network Requirements are demec as follows: | 


- Large subscriber capacity -- 50, 000 to 200, 000. 


- Adequate expansion for 10 years, without any increase in bandwidth. 


* ntormation° about Metronet is derived ftom personal commuriiedtiois with: Robert MacNamara of Sytek, on 
November, 1, 1981. Metronet is strictly in the planning and design stages and is not an announced ‘product’ or 
offering. : 

“record Loves Cablevision, acmagente: 1961 


Mcee 802 ie the drett iocal arse network seandard. 
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- Adaptability to new services. . 
- Non- disruptive espersint 


- Packet. gwitched, with a. maximum access ting ai than, 00 ms., no more 
than 1% of the time, 


- Geographical extent loss t than 40 to 60 soles’ 


- Hesiderttial network would use Brimarity COMA. cp." 
touaf t+ ‘Peete, Ht 


- Connectivity of any two guhscsthes nodes. 


- Point- to- Bilt, full duplex,  dbniiectionioss se service. . 


oa 


. Suonba up to 20 Kbps per node. 


- Off-network nodes with proper anveriocee to ‘serve as gateways to SBS, public 
switched networks, etc. °° "°°: ~ vos tgmanteks co 


- Control requirements: 


* Grant‘or Some iietecisoh aerrs capporden my Cone 


. aealieeusn of source me destination node for each session" 
* Control of illegal use of access and Lesladspated 
Tt 
* Protection from physical attack -- vandalism (detection, isolation, and 
repair); Theft(detection; denial, ander . 


* Administration to-adjust traffic load. «© 2 
- Pricing, flat rate per access or per packet. 


- Diagnostics -- Check channel and eauloment Time- adage 


Sy eeS Gp re 


Network services will ineiude Galler and caliee charging options, polled service access, and 


150 as was discussed in Chapter 2, contention access protocols such as that proposed by Sytek, presents a trade- 
ott Se Seren Cena and. ee Pee re Peer mene pagunnens Se conen uaen Oe 


5's yes bas towards this technology should be kept in mind because oftheir established expertiae inthe wee. 
BO oh trey cc 
IShiscapaity wil cary wth the pombe ned to regu te ue o tie da, sa with the telephone 
company. eter sage . CESS Sy 
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videotex using the AT&T Presentation Level Protacol (PLP). Value added services will include 
translation, speed buffering, and key. disiribution.; Sytek believes thai: most of the information 
will not be considered worth encrypting with the obvious exception of banking services. 

The network architecture will be based on a distributed intelligence approach, in line with the 
LocaiNet architecture. with. some exceptions... Because the riatwork will:not be owned, used, 
and operated by a single organization, as is the:case with most. LACN's, the network will have 
some centralized control af communications, to. realize the-network monitoring and 


management necessary. 


Virtual circuit initiation will occur on a per.session basis. Each. mode.wit: havea hard wired 
node ID, and a commonly known node address.. The ‘headend. will establish -netwark 
authenticity through use of these keys, upon receipt of out of band requests for-virtual circuit 


establishment. 


The 25Mhz will be divided into 100 channels each supporting a data rate of 0.1 Mbps (0.4 
bits/hz). Each node is assigned a home channel. Wher: a session:is requested the headend 
will verify the authentichy. of the source and destination; check tatfic loading; and :then:signal 
the source to switch to the destination node's home channel, assgming'# is free. After the 
destination ts notified, the headend Data Channel. Acees¢:Mankor:{DCAM) will exit the 
process. If any channel becames unusable, the DCAM will rainitialixe the communications on 
another channel. The projected cost is $50,000:fer the: headend. ‘Fis ts:almost 20 times the 


unit price of the LocalNet headend. 


The expected usage traffic is 1,000 to 2,000 simultaneous sessions per channel with 60 Kbps 
throughpit'at peak load. = = —— oe ep Vie & 


A terminal with sophisticated graphics capability will be sold by Jerrold. It will be based ona 
Motorola 68,000 microprocessor, and 1/4 to 1/2: Moyte. of memory. When. the market grows 
large enough to warrant a VLSI version, the price could drop to $2003 . Sytek feels it is 
necessary that the cost per node be kept in the $200.range, whigh is how much addressable 
video converters currently cost. Sytek would like to keep the monthly nétwork fee in the $20 


1535 estimate was given for current, LS! versions but similar devices such aa.the Radia. Shack TRS/80 sell. for 
$4,000. 
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range. Given 10 channéts with 1,000 subscribers per ‘channel;the ‘system shauld be able to 
‘accommodate’'a 15 minute: satidiaiaciiia maaaierecicel athe 2 


pee 


Sytek is still i satablishiig) its plans for an institutional neiworks Guinentiy the created 
customer base is leased: Hites users, Sytelt feets:that the institutional market will evolve into 
transport services between LAGN sites, or:as last mile traneports to-iong haut networks, :i:6. 
‘private lines:: in addition, they feet that the cable network could end)up being ' used :primarily 
3 an alternative voice medium. For the Institutional market, beth TDMA and CSMA-CD are 
possibilities for the access scheme. 


itis clear that Sytek is designing a communizations system intended ‘for the use of multiple 
“servers”, and not a video-entettainment, or videotex network: re server, as is the 
current model. 


AA 3. 2 Amdax 


Amdax supplies much of the point-to-point FQM: interface equipment:for. MGTV.. These 
interface. units are used in their first-private-LACN product which inplements a switched.FOM 
access.scheme. More.tecently, Amdax-hes ennaunoced:Gablenet;: which! uses a:DA-TDMA 
access scheme for campua: and.plant-wide:LACN’s.: They propose: to.extend their products 
onto.cable systems and have:signed.an exclusive manulactusng and marketing contract with 
Scientific Atlanta for sales to the cable.industry:. : POOR BaP pte pp aes 


A.1. 3.3 Wang 


Wang’s LACN, Wangnet, uses FDM to divide 350 Mhz 7 of bianchi ini: ea bdacmedenk 
bands: 


1. Interconnect band -- - many point. -to- -point channels using FOM at data rates up to 
64 ea anal fixed: Wiotieftt nat ois: ands. Aepiaacaies nem 


$1,250). . a ees Ye PES Gites Saree bemens 
“8 'Wangband -- a 12 hi contention channet whieh fis over 8 Mhz maid 8 
dite/hz; $A800p.08 0 8. Barat # toe yiltivean. 


3. Utility band -- for surveillence, instrumentation, or teleconferencing. 


Wang uses two cables, ‘ond for upstream transmission arid’ one-for downstream. ft covers 
areas up to 10 miles in diameter. 
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A.1.3.4- Interactive Systems /3M 

IS/3M has sold-broadband cérnmunication systems sittce’1974: ‘Their systems ‘are intended 
for use as private LACN’s but are applicable to'utban' Gable hetWorks: Their systems are of 
two types, TDM and switched FDM. Low speed FDM modems for ‘both poiit:td-poitit’ and 
multipoint applications offer data rates from 600 bps to 9600 bps, and medium speed modems 
from 1200 bps to 96kbps._ 1S/3M also designs and manufactures hi higher speed modems for 


ieee] MTB 
OEM applications. Many LACN and private firms buy rf- “modem | hardware from Is/3M for. use 
a; (eid cangges tes) occu: 
in LACN’ s with more complex communication protocols. as has recently announced a 1 5 


Mbps 1 rf modem for $400. 


A.2 Services a ne 


A.2.1 Cable Operators 


Currently over half of all cable networks are owned by small companies. Systems in the larger 
cities are. increasingly bemg<coneplidated under tie operation of a few’ big ‘firme cated’ 
Multipte System Operators (4GO"’s):: . This ‘comsetidatios pricess:is likety to continue and 
speed up over the next 5 years, as more of the old:franchiees: come up for-fenewal. At that 
time ‘it will-be increasingly difficult for the smal operatars to'competé with the-offerings of the 
large, -wealthy,: MSO’s::: The targe-MSO's wil offer to: retreftt the? sydtems: for: cia 
capability, or to rewire it necessary, ca eka tee Bg DS 


r. 8FRUa ee et 


A.2.1. 1 Warner-Amex 


Warner-Amex, jointly owned and operated by Warnes Bros Communications and irneieen 
Express, offers an interactive cable service called QUBE, based on:aipolling access protocal. 
The. systam has 32,000-sukecribers and the cable -pasene:#00,000. hemes". .Qube-was.the 
first- interactive two-way residential cable: network and, even today, kae'few-competitots. - 


The headend computer is made up of three Data General Eclipse S-200's (16-bit 
multiprocessor mirricotnpaters with ‘250Kbytes: “oft "rian h Store)” Fhe sy} Stem Offers: three . 


$end Ott AQ WM AGE ree ae 


interactive services: response polling, ecu montorag: and pay-per-view tslevision biliag. 


154 Cablevision, October 12, 1981, “Qube Under Fire.”, pg 73. 
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The Qube system relies heavily on the use of bridger switches: to control the impact of 
insertion noise on the upstream channels. This method.is.compatible with the. polling accesa 
scheme used. Qube developed thig. technique which.has since besn implemented in other 
two-way cable installations. 


All subscribers have addressable terminals with 4-bit microprocessors. Three to four times a 
minute the terminal is polled by "name". The terminal responds to a few commands: status 
(on/off), channel number, last response button pressed on keyboard, and OK for security 
monitoring. The interactive terminal is called a BT1300 and transmits and receives at 0. 256 
Mbps. It costs from $245 to $465, in quantities over 30,000, but is expected to drop to $200. 
Packets of 1K to 2K bits are permitted. 


The price to the subscriber of the premium channel, which includes full po#ing capabiiities, ls 
approximately $15 installation and $4 monthly. 


, 


A.2.1.2 Cox Cable 


Cox'® is operating an experimental. eer called Indax {interactive Data Exchange) in San 
Diego, California. Additional systems.are. being installed in Attanta, New Orleans, Omaha, and’ 
Tucson. The Indax system. is. one ot-a: few two-way;: fully: interactive: videotex systems 
designed for cable, The network will operate, 600.056 Mbps /°?. data channels, using 0.3:Mhz: 
spacings (three; 6 Mhz channels; 0.186 bits/hz)., Bhe-dawastreant channets will.oparate at 15: 
to 17 dB below the video carrier power, which allow-them to\be:rus.en three lower channels 
which are not normally used for video because of interference in these bands. The upstream 
aus will operate between 5 and 30 Mhz. The uncorrected bit error rate is specified at 10 
* and the corrected BER is eyerce! sata beanies nas retry) at 16: 12, 


Cox uses a fully redundant. Tandem.Computer for headend control. The estimated per 
subscriber share of the headend fixed costs Js $75. The traffic capacity ‘ofthe system was 
estimated; using.a simple:model; to accommodate an average 0f48; 15 minute-sessione ‘per 


"85 information onthe Cox syatem was taken from a speech by Gary-Tiagan Siseauan Mareh 19, 1061.at a 
M.LT. Communication Sonne on Horie {formation Systema, as weil fom degen communications on October 
14,1961. - PGT 8 


156 ome of the Indax systems will operate at 0.028 Mbps, such as that being installed in New Orleans, La. 
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month per subscriber. It is expected that 90% of ‘the data will #ravel dawnstream, and the 
remaining 10% upstream. The Tandem is expected, to, handle, one trangaction avery two 
seconds. Accounting for a 4-hour busy hour, and. peaking condition af 6% of the users at 
any one time, it was calculated that the system could haye.available. for.viewing approximately 
5,000 one-way pages. This is considerably more, pages than either phone-based videotex,.or 
teletext systems can provide with the same respanse.tine. _ 


The home terminals are microprocessor driven and are therefore fairly expensive. Estimated 
costs are $320 dollars per subscriber terminal with data. communication capabilities, and $120 
for two-way Capabilities without data. The data channels.are accessed with the contention 
protocol, CSMA-CD. Using this method, it. is assumed that channels can be run at 85% — 
efficiency. Approximately 15, 000 could be served on a 16 processor Tandem, system, and 
100,000 on a system with 10 data channel pairs. The two-way interface units are being 
supplied by Gak Communications. , : 4 “one 
In total, Cox estimates that it will cost approximately. $250 per subscriber to. offer. two-way 
Indax services. A bas@ cast for a two-way addressable 94-channel cable system is $500 per 
subscriber, placing Cox's total system costs at approximately $750 per subscriber. 


Cox will offer a variety of services, including Electronic Bankint;aind Shopping. The software 
is being developed by: Hameserve, a division.ot American Can...The.cable operator will in-turn 
act as a carrier between the subscribers and the seryice provider, who will.act as an-interface 
to the eubscribers’ banks. Shapping services.and ."commercials” channel are proposed.as 
well. epee. gh, A ae 


information data bases are connected to the headend via X.25 lines. Information which is 
frequently accessed, suchas the UPI.news data.bage, are stored.at the headend. 


In addition to a ‘residential Indax system, Cox is installing a 20 mile dual cable midsplit 
institutional network in New Orleans, as part of _the franchise ‘agreement. _ Fhe 
communications service on the institutional network wit be owned and Operated by a 
separate affiliate of Cox, Comiine. It is not yet determined what services will be offered at this 
time, dithough some point-to-point hight speed ‘data corfimunicaifons ‘and teletohiterencing 
will be included. The suggested tariffs range from ae for \ ed pepe to $1000 per month for 
over 19.2 Kbps service. 
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A.2.1.3 Times Inc.:-- Manhattan Cable .. 


MCTV offers the only non-experimental data Communication service via cable, and has been 
doing so since 1975. MCTV is a wholly owied siibsidiary of ‘Time, [ne., one of the largest 
MSO's in the U.S. MCTV curtently services four major Banks i in Mafihattan at data rates up to 
1.544 sia on a dedicated cable that rans the ) rites between Miinhattar’s downtown and 


alternative. 


MCTV guarantees maximum down-time of 18 seconds per day” and a bit error rate no worse 
than 1 in 10”. The downstream channels are operated from 160 to 360 Mhz; with 5 to 110 Mhz 
used upstream. Standard data rates aré 2.4 Kbps, 4. 8 Kbps, 9. 6 Kees 19. 2 Kbps, 0.056 bis 
and 1.554 Mbps. ‘ 


The monthly lease rates range from $220 per month for a 0.0024.\Mbps line to $1000 for a 
1.544 Mbps line'®® | installation charges are $150 to $200 per end, depending upon the data 
rate. If the site is not near the trunk cable, construction may be needed to reach the building 
with additional drop cable. These constiti¢tion costs could prove prohibitive." 


A.2.1.4 Rogers Cablesystems 


Rogers Cablesystems ©? is currently develdping a packet data retwork for upstream carriage 
of videotex and home computer communications services to the home.’ Trials aré being rim in 
Oregon, and are scheduled:for a Minnesota system as well. ‘Rogers plaris to sérve' 10,000 per 
network, using a 8 Mhz frequency allocation, for a data rate of at least 1 Mbps. Rogers will 
also operate over a previously unused part of the lower video spectrum. 


Minnesota Cablesystems Southwest (CSW) is a400 Mfiz system which will service over 56,000 


187 this is equivalent to 99.98% network availabilty. 


shal Manhattan Cable Communication System, Monthly leans Rates, June 1, 1980 


>9 international Resource Development Inc., "Local. Networka and Short Ranga Communications", Report #158, 
October 1880 


160, formation on the Rogers oe is derived from @ speech by T. Chisiett of i Rogers Cablesystems entitied, 
“Enhanced Two-Way Residential Systems", presented at EASCON, November 18, 1961. — 
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homes, on over 700 miles of plant in 5 cities. A separate’166 mile institutional and business 
network will. sarve telecommunication: users, . Telidon services wil be available, with up to 
10,000 pages accessible. Rogers will. offer both in-home; and. "shared" Telidon terminals. 


The radial hub configured 400 Mhz system uses “intelligent” bridger amplifiers. The code 
operated switches at each of the trunk amplifiers, gates: the sapstream transmission:.of that 
trunk which is in the 5.to 12.Mhz.dband. The central-camputer continually scans the switches. 
An entire system. scan takes a total of 6 seconds. ee ee 


The business network will interconnect educational, governmental, medical, and business 
institutions over a separate radial trunk system. Interconnection with Telenet via, the headend 
is planned. Rogers expects the institutional network "to become the high-speed local loop for 
various satellite carriers wishing to service customers in the area without the his of very 
expensive land lines or installation of earth stations at each 'Idéation.”” . 


A.2.1.5 Sammons Communications 

. net ee 
Sammons Communications has an operating information retrieval service via cable in 
Hightand Park and University Park,. Texas, a Dallas suburb'®'.,. There are approximately 


12,000 homes in this area.and a large percentage of-high income-executives:: - 


The system is a 35 channel 300 Mhz subsplit system which began operation in December, 
1979, All services are ona polled basis with 56.Kbps.downstream.data rate, and 23 Kbps 
upstream. The system is expected: to. handle 280 customers per: second. Currently! he 
services offered consist of professional data bases,ofiesad: through: Dow: Jones,:ia Princeton, 
New Jersey, and Belo Intormatian: Service, which ia.a consymer. oriented: jocal service.:{t is: 
expected that. most national information services. in the near future wilt be offered through 
Dow Jones, although it is. possible. to.. connect. directly, ;te. the system's: headend, . All 
communications with the headend: are currently. via, 0600 ‘baud: teleptiane lines; : in addition 
the upstream requests are accepted both via the upstream cable channel and via the: 


telephone. The hardware is provided by Tocom. '62 


161) Caddy, "Active Information Retrieval in CATV", EASCON ’81, Washington, D.C., November, 1981. 


G2 c ection A.1.1.3 
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A.2.2 Transaction Service Providers 


The banking, catalog shopping, and travel industees are interested in cable ae a medium for 
transaction services for consumers.‘in-addition the betks'see cable inretitutionaf networks as a 


medium for communication with commercial clients in downtown centers. 


In thejjong run banks are unlikely to turn over control: of residential service offerings to the 
cable‘operator.: in the short run, joint ventures are proceeding bétweeh banks) and "softward 
houses" such as Homserve. Those industries interested inthe transaction market: will feel 
compelled to enter into these ventures as a way: ‘of testing and promoting the market. 
Homserve and Bank One : are currently developing & an ekperimenta ‘system 4 to be run over the 
Cox Cable Indax system. on 


A.2.3 Information Service Providers _ «hae iis 
information service providers currently consist of a select number of banking institutions and 
professional data base services. In the future, they will bp joined by advertising firms and 


retailers, among others. 


in addition there are the professional data bases euoh as’ Nexis; Lexis; Dialog, etc.’ These 
firms will benefit from the increase in Gutfets for: their iifovmation; and wilt pidy an'‘active'role 
in encouraging such development. 

Much has been written. about the videotex services offered di‘ ether parts of the world, most 
notably; Prestel in the 13.K.,Antiope iniFrance; ave T otiden hp@analla: tiv aH three cases the 
services’ Use'‘a centrally: organized and convolled ‘date base! The: dati base facilities are 
made avaiable: to iriformation providers'on ad comnten Saver"; ret come, frst serve, basis 
and is: Operated by the PTT.” Fhe U8. has no: PTT; but ATE T hasproposed a videotex 
standard, Pid? which it woutd ike to offer over-thatelethorsqwerwork fa hybrid rietwaik Is also 
being considered). AT&T. is restricted Wony ciritent Denied temdlions Such as! Information 
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A.2.4 Communication Service Providers 


Telenet, Tymnet, Graphnet, SBS, and MCI all have a stake in the "last mile bottleneck". At the 
same time that their services will be greatly enhanced by an improved delivery medium, they 
might also find the cable companies alternative digital communication networks offering 


competitive value added services. 
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Glossary of mnemonics 


ACM -- Association for Computing Machinery 


BER -- Bit error rate. A measure of transmission reliability, the number of bits incorrectly 
transmitted. 


CATV -- Community antenna television. The original name for cable television. 


CSDC -- Circuit switched digital capability. A new capability proposed by the telephone 
company for digital transmission over existing local loop facilities, see Chapter 4. 


CSMA, CSMA-CD -- Carrier sense multiple access, and carrier sense multiple access with 
collision detection. A contention access protocol for sharing a single communications 


channel among many users, see Chapter 2. 


DAV -- Data above voice. A technique for transmitting digital data signals in the frequency 
spectrum above analog voice signals over local loop facilities, see Chapter 4. 


OTS -- Digital termination service. A local distribution technique using digital microwave, see 
Chapter 4. 


FCC -- Federal Communications Commission 


FDM -- Frequency division multiplexing. A means of obtaining a number of smalier channels 
from a given frequency range by dividing the larger channel in frequency. 


IEEE -- Institute of Electrical and Electronics Engineers 


LACN -- Local area computer network. A communications network for devices within a 


campus-sized area. 
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_LADT -- Local area data transport. A narke used by the phone company to describe services 
based upon DAV, see above and Chapter 4. 


MSO -- Multiple system operator. A cable operator that owns multiple systems. 

MTBF -- Mean time between failure. The mean tirte between faftures of a system component. 
MTTR -- Mean time to repair. The mean time between failure of a component and repair. 
NATOA -- National Association of Telecomrishicatots Oftbers ad Advisor | 

NCTA -- National Cable Television Association 

NTIA -- National Telecommunications and: Information Agency 


PSTN -- Public switched telephone network. Traditional telephone network. 


TCM -- Time compression multiplexing. The transmission ‘method used to imptement CSDC, 
sze above and Chapter 4. 


TDM -- Time division multiplexing. A. means of obtaining a number of channels. ‘over.a single 
frequency range by dividing the channel i intime. 


TDMA -- Time division multiple access. A means of sharing a channel among many users by 
allocating different time-siots to different upers. a. 
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